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ACRONYMS 
 
A&M Texas University 
AAA Advanced Accelerator Applications 
ADTTA Accelerator-Driven Transmutation Technology and Applications Conference 
AMUSE Argonne Model for Universal Solvent Extraction 
ANL Argonne National Laboratory 
ANRC Amarillo National Research Center 
ANS American Nuclear Society 
BFS Critical Fast Reactor Facility, Obninsk, Russia 
BNL Brookhaven National Laboratory 
COE UNLV College of Engineering 
D&D Decommissioning and Decontamination  
DCC Dose Conversion Coefficients (refer to UNLV Task 7) 
DOE U.S. Department of Energy 
DOE-NE DOE Office of Nuclear Energy, Science, and Technology 
ECE Electrical and Computer Engineering Department 
EENF Environmental Evaluation Notification Form 
FEI Transmission Electron Microscope Vendor 
HRC Harry Reid Center for Environmental Studies 
IEEE Institute of Electrical and Electronic Engineers 
INPE Institute of Nuclear Power Engineering, Obninsk, Russia 
IPPE Institute of Physics and Power Engineering, Obninsk, Russia 
ISTC International Science and Technology Center 
JEOL Transmission Electron Microscope Vendor 
KALLA Karlsruhe Lead Laboratory, Karlsruhe, Germany 
KRI Khlopin Radium Institute, St. Petersburg, Russia 
LANL Los Alamos National Laboratory 
LANSCE Los Alamos Neutron Science Center 
LBE Lead Bismuth Eutectic 
LBNL Lawrence Berkeley National Laboratory 
LEDA Low Energy Demonstration Accelerator 
LLNL Lawrence Livermore National Laboratory 
MCNPX Monte Carlo Neutron Photon with extremely high-energy libraries code 
MINATOM Ministry of Atomic Energy, Russia  
MOU Memorandum of Understanding 
MSE Material Sciences and Engineering 
NEPA National Environmental Policy Act 
NERAC Nuclear Energy Research Advisory Committee 
ORAU Oak Ridge Association of Universities 
PNL Pacific Northwest Laboratory 
QTR Quarterly Technical Review 
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R&D Research and Development 
SEM Scanning Electron Microscope 
SMC Student Mini-Conference 
SOW Statement of Work 
TEM Transmission Electron Microscope 
UCB University of California, Berkeley 
UCLA University of California, Los Angeles 
UM University of Michigan 
UNLV University of Nevada, Las Vegas 
UNM University of New Mexico 
UPP University Participation Program 
USC University of South Carolina 
UT University of Texas 
VPR Vice Provost for Research 
WBS Work Breakdown Sheet 
YDRNS Youth Department of the Russian Nuclear Society 
 
1.   INTRODUCTION 
 
This Quarterly Report is a primary deliverable from the University of Nevada, Las Vegas (UNLV) 
Advanced Accelerator Applications (AAA) University Participation Program (UPP) Director to the 
U.S. Department of Energy (DOE) as described in the UNLV AAA proposal1 and Statement of 
Work for the Fourth Quarter 2.   
 
The UNLV AAA UPP Director implements the program’s administration using staff from the Harry 
Reid Center for Environmental Studies (HRC) to ensure that work conducted under the UNLV AAA 
UPP meets program objectives.  The UNLV AAA program consists of three components:  Program 
Support, Research Infrastructure Augmentation, and Student Research.  Further information about 
the activities and reports discussed in this document can be viewed on the UNLV AAA program’s 
website at <http://aaa.nevada.edu>. 
 
 
1.1 Chronology of Events 
 
Dec. 2, 2001 Research Scientist A position filled:  Dr. Longzhou Ma 
Dec. 3-4, 2001 UNLV director visit to Karlsruhe Lead Laboratory, Karlsruhe, Germany 
Dec. 12, 2001 Task 7 First Quarter Report submitted to UNLV AAA Director 
Dec. 12-14, 2001 UNLV administration visit to the Institute for Physics and Power Engineering 
and Institute for Nuclear Power Engineering, Obninsk, Russia 
Dec. 14-15, 2001 UNLV administration visit with Moscow State University students, Moscow, 
Russia 
Mid-December UNLV students and faculty visit Argonne National Laboratory to discuss 
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Tasks 11 and 12 
Mid-December UNLV students and faculty visit Idaho State University 
Dec. 16-18, 2001 UNLV administration visit to Khlopin Radium Institute and St. Petersburg 
State Institute of Technology, St. Petersburg, Russia 
Dec. 17, 2001 UNLV monthly program costs and completion percentage submitted to DOE 
Dec. 20, 2001 AAA DOE-NE/UNLV Program Conference Call 
Dec. 28, 2001 Infrastructure TEM Subcommittee Meeting, JEOL representatives 
Dec. 30, 2001 Russian Trip Synopsis and Participant list submitted to UNLV AAA Director 
Dec. 31, 2001 Subcontract Agreement with KRI (Task 6) signed by UNLV and KRI 
Dec. 31, 2001 UNLV AAA Third Quarter Report submitted to DOE 
 
Jan. 2, 2002 AAA discussion with UNLV Dept. of Physics Chair 
Jan. 2, 2002 AAA discussion with UNLV International Employees Office staff 
Jan. 7-8, 2002 UNLV coordinates and hosts DCC (Task 7) Working Group Meeting 
Jan. 14-18, 2002 MCNPX Training at UNLV, 13 UNLV faculty and students 
Jan. 15, 2002 UNLV monthly program costs and completion percentage submitted to DOE 
Jan. 15-16, 2002 UNLV hosts AAA Quarterly Technical Review 
Jan. 16, 2002 AAA Student Poster Session 
Jan. 17, 2002 Infrastructure Seminar, JEOL TEM representatives 
Jan. 17, 2002 UNLV faculty visit LANL to discuss AAA projects 
Jan. 22, 2002 Draft NEPA Environmental Evaluation Notification Form for UNLV 
program submitted to DOE  
Jan. 23, 2002 Infrastructure Seminar, Hitachi TEM representatives 
Jan. 28, 2002 AAA Program Conference Call 
Jan. 29-30, 2002 UNLV director visits LANL to discuss work packages 
Jan. 31, 2002 AAA discussion with UNLV Electrical and Computer Engineering 
Department Chair 
Jan. 31, 2002 UNLV Work Packages for FY02 submitted to DOE 
Jan. 31, 2002 AAA Invited Seminar at IEEE Nevada Section, William Culbreth 
 
Feb. 1, 2002 First Quarter Statement of Work FY02 submitted to DOE 
Feb. 4, 2002 AAA DOE-NE/UNLV Program Conference Call 
Feb. 4, 2002 AAA Program Conference Call 
Feb. 6, 2002 Infrastructure Seminar, FEI TEM representatives 
Feb. 8, 2002 Infrastructure Committee Meeting:  discuss TEM path forward 
Feb. 11, 2002 AAA DOE-NE/UNLV Program Conference Call 
Feb. 11, 2002 AAA Program Conference Call 
Feb. 11, 2002 AAA discussion with Frank Avignone (USC), UNLV Dean of the College of 
Sciences and Department of Physics Chair 
Feb. 12, 2002 UNLV monthly program costs and completion percentage submitted to DOE 
Feb. 12, 2002 DOE Contracting Office visit to UNLV, meetings and Performance Review 
Workshop 
Feb. 12, 2002 AAA Quarterly Technical Review presentations submitted to DOE for 
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approval to be posted on website (approval received Feb. 15, 2002). 
Feb. 12-13, 2002 UNLV hosts AAA University Workshop:  UNLV, UCB, UM, UT Austin 
Feb. 17, 2002 LBE Steering Committee submits draft research plan to UNLV 
Feb. 19, 2002 AAA DOE-NE/UNLV Program Conference Call 
Feb. 19, 2002 AAA Program Conference Call 
Feb. 19, 2002 Eleven proposals submitted for research starting in Summer 2002 (4 
requesting renewal for Year 2 funding and 4 new projects) 
Feb. 19, 2002 AAA discussion with UNLV Vice Provost for Research 
Feb. 20, 2002 Senator Domenici staff visit to UNLV:  Peter Lyons 
Feb. 25, 2002 AAA discussion of basic sciences with Frank Avignone 
Feb. 25-26, 2002 UNLV director presentation and participation in NERAC subcommittee 
meeting 
Feb. 26, 2002 AAA Seminar, Superconducting Accelerator R&D, John McGill, General 
Atomics 
Feb. 26-27, 2002 General Director of the Khlopin Radium Institute visit to UNLV, Alexander 
Rimski-Korsakov 
 
 
1.2   Overall Program Schedule 
 
The Fourth Quarter milestones and deliverables for the UNLV AAA University Participation 
Program are shown in Figures 1 to 3.   
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Program Support
  Workshops and Conferences
  Graduate Recruiting
  Finance Advisory Committee
  and Financial Administration
  Executive Committee
  Visitors to UNLV
June July August
Second Quarter FY 2001
LANL Transmuter
Decision on ISTC Target
DOE-NE
UC Berkeley and LBNL
LANL/LANSCE
  UNLV Faculty/Staff Visitations
Meeting with DOE and UNLV Finance Officers
Recommendations on Fall Proposals
ANL Separations Group
IPPE
Recruiting meeting with YDRNS students
Thermal Hydraulics
ANL Transmuter Group
ANL Fuels Group
IPPE proposes collaboration
ANRC
LANL Acc. Group
Third Quarter SOW
September October November
Third Quarter FY 2001
Fourth Quarter SOW
 ANS SMC AAA Embedded Student Sessions, 14 papers
First Quarter Report Second Quarter Report
Quarterly Technical Review Presentations, ANL  National program milestones
  and deliverables DOE-NE/UNLV Program and AAA Conference Calls
ANS AccApps and ADTTA Conference, 3 papers
LANL LEDA
LANL MCNPX
DOE-NE and neutrino expert
ANL-West, ISU
Fuel Workshop
NEPA Conf. Call
Approval of FY02 budget reallocation
Recruiting Poster at ANS Student Mini-Conference
AMUSE Training at UNLV
Meeting with DOE and UNLV Finance Officers
December January February
Fourth Quarter FY 2001
First Qtr      SOW FY02
FY02 WBSs
Third Qtr Report
NEPA Draft EENF
Monthly costs and completion submissions
Quarterly Technical Review Presentations, UNLV
Quarterly Technical Review
MCNPX Training
University Workshop
NERAC
University of South Carolina (2)
Sen. Domenici's Staff
General Atomics
Khlopin Radium Institute
KALLA
IPPE and INPE Moscow
KRI and St. Petersburg State Institute of Technology
LANL
LANL
Performance Review Workshop
DOE Contracting Office
Figure 1.  Milestones and Deliverables of Program Support for the UNLV AAA University Participation Program through the Fourth Quarter. 
QTR Presentations submitted for website approval
Trip Report:  Russia
Recruiting meetings in Russia
DCC Working Group
ANLISU
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Infrastructure Augmentation
  Committee on Infrastructure
June July August
Second Quarter FY 2001
MSE Equipment Identification
Administrators (7):     Sciences
  New Hires
  New Equipment & Facilities
Scientist B Interview
Scientist C Position Filled
Equipment Indentified and Priced
VPR officially requests ISTC Target
  Administrative Meetings
HRC
Mechanical Engineering Space Meeting
Scientist A Interview
COE
MSE Equipment Quotations
HRC Space Allocation Meeting
Meeting with Chemistry Dept
September October November
Third Quarter FY 2001
  LBE Loop Steering Comm
Initiation
Student Project Requests Considered
MSE User Facility Space Allocation Meeting
Int'l Programs
Scientist A Interview
Scientist A Position Offered
Scientist A Position Accepted
Eng Faculty
Civil and Env. Engineering Profs.
COE Physics
Civil and Constr. Profs.
Math Profs.
Draft Research Plan Submitted
International Advisory Committee on LBE Research at UNLV initiated
December January February
Fourth Quarter FY 2001
Scientist A Position Filled
Meeting with JEOL representatives
Seminar, JEOL Seminar, Hitachi
Seminar, FEI
  Infrastructure TEM
  Subcommitte
Meeting to discuss TEM path forward
Draft Research Plan Submitted
Presentation to Infrastructure Committee
Physics
Electrical and Computer Engineering
VPR meeting
International Employees Office
 
 
Figure 2.  Milestones and Deliverables of Research Infrastructure Augmentation for the UNLV AAA University Participation Program 
through the Fourth Quarter. 
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Student Research
  Program Publicity
  AAA Seminar Series
  Proposal Process
June July August
Second Quarter FY 2001
MOU Signing between DOE-NE and UNLV
Meyer
Summer Task Presentations to DOE-NE
UNLV Public Relations Meetings (2)
Draft proposals submitted for Fall
Beller
Final Proposals submitted  for Fall
Proposals Approved
Fall Tasks Start
Hechanova
September October November
Third Quarter FY 2001
Call for Proposals
Display at Pahrump Harvest Festival
Laidler
Chemistry Dept Seminar
Task 3 Seminar
Task 2 SeminarTask 1 Seminar
Task 9 Seminar
Avignone
ANS Reno Conf ArticleClass Lecture
Former NV Gov List gives ANS Conf Banquet Speech
Beller keynote at ANS SMC
Report on Criticality14 Student Abstracts to ANS Student Mini-Conference
  Research Tasks milestones
  and deliverables
  Task Quarterly Reports Task 1 First Quarter Task 4 First Quarter
Task 2 First Quarter
Task 10 First Quarter
Task 3 First Quarter Task 2 Second Quarter
Task 4 Second Quarter
Task 6 Draft Subcontract with KRI
December January February
Fourth Quarter FY 2001
Draft proposals submitted for Summer
CulbrethZaugg
McGill
Task 7 First Quarter  
 
Figure 3.  Milestones and Deliverables of Student Research Tasks for the UNLV AAA University Participation Program through the Fourth 
Quarter. 
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2.   PROGRAM SUPPORT 
 
The primary deliverables for the Program Support component are quarterly and annual reports.  
These reports will detail the progress on each administrative task and the milestones and deliverables 
generated during the appropriate period.  Other than this report, the only other documents provided 
to DOE this quarter are the following: 
 
• UNLV AAA University Participation Program Third Quarter Report, December 31, 2001. 
• UNLV AAA University Participation Program Statement of Work for the First Quarter, 
FY02, February 1, 2002.  
• AAA Quarterly Technical Review presentations, February 12, 2002, for approval to be 
posted on website.  
 
The following are the individuals involved in the day-to-day administration of the UNLV AAA UPP 
during the Fourth Quarter. 
   
UNLV AAA UPP Executive Committee: 
 
Anthony Hechanova   Director 
Gary Cerefice Deputy Director (Harry Reid Center for Environmental Studies) 
Malcolm Nicol Deputy Director (College of Sciences) 
William Culbreth Deputy Director (College of Engineering) 
 
UNLV Student Support Staff: 
 
Christina Crossan Undergraduate, Health Physics Department 
Demian Gitnacht Undergraduate, Health Physics Department 
Cheryl Gustafson Undergraduate, Kinesiology Department 
Ingrid James Undergraduate, School of Social Work 
John Knoten Undergraduate, Civil and Environmental Engineering 
 
UNLV AAA UPP Affiliates: 
 
Pattie Baldwin (HRC) Director of Finance 
Denis Beller (LANL) AAA UPP Intercollegiate Programs Coordinator 
Ning Li (LANL) AAA UPP International Programs Coordinator 
Thomas Ward (DOE) Senior Science Adviser 
 
2.1 UNLV AAA UPP Meetings and Committees 
 
This section describes the motions of committees that were active during the Fourth Quarter. 
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Administrative Committee:   
 
Dr. Anthony Hechanova, Chair 
Dr. Stephen Rice (Vice Provost for Research) 
Dr. Frederick Bachhuber (Dean, College of Sciences) 
Dr. Kenneth Fridley (Associate Dean for Research and Information Technology, College of 
Engineering) 
Prof. James Selser (Chair, Department of Physics) 
 
The Administrative Committee traveled to Obninsk, Moscow, and St. Petersburg, Russia from 
December 12-18, 2001 to meet with a number of laboratory heads, faculty, and scientists from the 
nuclear community and discuss at the administrative level the potential for collaboration (both 
academic and research).  See Section 2.2 for a trip summary. 
 
Infrastructure Committee:   
 
Dr. Anthony Hechanova, Chair 
Dr. Gary Cerefice (Harry Reid Center, Point of Contact) 
Prof. Malcolm Nicol (College of Sciences, Point of Contact) 
Prof. William Culbreth (College of Engineering, Point of Contact) 
Prof. Dennis Lindle (College of Sciences, Interface Science Program) 
Prof. Allen Johnson (College of Sciences, Chemistry) 
Prof. Brendan O’Toole (College of Engineering, Mechanical Engineering) 
Prof. Robert A. Schill, Jr. (College of Engineering, Electrical Engineering) 
Prof. Laxmi Gewali (College of Engineering, Computer Science) 
Mark Pippenger (College of Engineering, Electronics Technician) 
 
The Infrastructure Committee is responsible to advise the Executive and Finance Committees on 
matters related to the development of user laboratories and the hiring of AAA faculty and staff.  
During the Fourth Quarter two major infrastructure issues were addressed.  The first was the ongoing 
development of a Transmission Electron Microscopy (TEM) User Facility.  The second was the 
status of AAA faculty/staff additions.   
 
Dr. Longzhou Ma began his appointment in December 2001 as a new AAA hire with initial primary 
responsibilities to design, procure, and implement the facility.  Dr. Ma arranged a number of 
meetings with three major TEM vendors (Hitachi, JEOL, and FEI) and seminars were arranged for 
the Infrastructure Committee and campus community.  The Infrastructure Committee met on 
February 8, 2002, after the seminars and initial contact with each vendor.  The specifications of the 
various products were discussed in detail and a TEM Infrastructure Subcommittee (Dr. Ma, Prof. 
Johnson, and Prof. Venkat) was established to see demonstrations of the candidate products and 
provide recommendations to the Committee.  
 
Regarding AAA faculty/staff additions, there was still no reply from the offer made for the Actinide 
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Chemistry faculty position in the College of Sciences (Research Scientist B in the UNLV AAA 
proposal1).  A new proposal was made to the Committee to hire a technician to help operate the 
Material Performance Laboratory that is co-funded by the AAA.  This proposal was not accepted as 
an appropriate step at this time while the committee reconsiders the role that “operational” support 
should play in using infrastructure augmentation funds.   
 
LBE Loop Steering Committee 
Subcommittee to Develop a Research Plan 
 
Prof. Samir Moujaes, Chair (College of Engineering, Department of Mechanical Engineering) 
Dr. Gary Cerefice (Harry Reid Center) 
Prof. John Farley (College of Sciences, Physics Department) 
 
The LBE Loop Steering Committee established a subcommittee to develop (in collaboration with 
potential collaborators) a research plan to help in the design of the facility.  The LBE Loop 
Subcommittee submitted a second draft of a research plan that is provided in further detail in Section 
3.2.    
 
Other Committees:   
 
Conference Committee:  Anthony Hechanova (Chair) and Kathy Lauckner (Co-Chair) helped to 
facilitate the following national meetings held at UNLV:  the DCC Working Group meeting (January 
7-8, 2002), the AAA Quarterly Technical Review (January 15-16, 2002), and the University 
Workshop (February 12-13, 2002).     
 
Finance Oversight:  HRC Finance Director Patricia Baldwin, HRC Grants and Contract Expert Leisa 
Rodriguez, and Anthony Hechanova met on February 12, 2002 with DOE Albuquerque Office 
contract officers Sam Espinosa, Melissa Thomas, and Frank Newman to discuss matters related to 
new management requirements for all DOE grants. 
 
Information Management Committee:  Anthony Hechanova (Chair), Gary Cerefice, and John 
Knoten.  Weekly meetings were held to maintain and update the UNLV AAA UPP website at 
<http://aaa.nevada.edu> and the AAA library.    
 
Search Committees: 
 
• Research Scientist B, College of Sciences (Dean Frederick Bachhuber, Point of Contact) –  
A formal offer has been made to the top candidate that includes equipment and facilities 
made available by the UNLV AAA Program.  The offer has not yet been accepted nor 
rejected. 
 
• Research Scientist D, Department of Geosciences (Rod Metcalf, Dept. Chair, Point of 
Contact) – The position is open and the search is ongoing.   
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2.2   Workshops, Conferences, and Collaboration Meetings 
 
Administrative Committee Visit, December 12-18, 2001, Obninsk, Moscow, and St. Petersburg, 
Russia 
 
The following excerpts from the synopsis3 provided by Stephen Rice, Vice Provost for Research, 
summarize the trip: 
 
December 12-14, 2001:  formal meetings in Obninsk with the Institute of Nuclear Power 
Engineering (INPE) and its sister “national laboratory,” the Institute of Physics and Power 
Engineering (IPPE).  At INPE we were hosted by Rector Nikolay Salnikov, Deputy Rector Yury 
Volkov, and International Relations Expert Irina Vorobieva.  At IPPE we met with Deputy Director 
Vladimir Poplavski, Director of the Nuclear Power Plant Dept. Anatoli Tsiboulia, and BFS Reactor 
Facility Head Igor Matveenko, among many others.   
 
IPPE and INPE are known for their development of nuclear reactors for submarines, for space, and 
for domestic energy.  This university/national laboratory center remains the Russian leader in 
nuclear science and engineering, and deals not only with reactors and power plants, but also with 
radiation effects on materials, agricultural crops and even patients; this center developed liquid metal 
cooling technology and works with several countries in addition to the U.S. (where their partners 
include LANL, ANL, and LLNL).  Specifically, IPPE constructed the lead bismuth eutectic (LBE) 
loop (with international funding that included significant contributions from DOE) that is being sent 
to UNLV.  We discussed UNLV collaboration on (1) data and information exchange on the LBE 
loop/target/cooling technology; and (2) LBE loop experimental and research designs.  Such 
collaborations would build upon the Russian scientists’ first hand knowledge of the LBE system that 
they designed.  Between formal meetings and presentations, our team toured nuclear reactor facilities 
that can be used by UNLV faculty and students.   
 
In our formal meetings with IPPE officials, we developed an umbrella agreement under which we 
would negotiate future specific tasks (e.g., fuels, transmutation, LBE) consistent with DOE’s 
national program objectives.  Between formal meetings, both in Obninsk and Moscow, the team met 
with Russian students from a variety of technical universities and institutes to share information on 
graduate programs at UNLV.   
 
Upon arriving in St Petersburg, we lost Ken Fridley but were joined by Senior Science Adviser (to 
DOE) Tom Ward.  Dr. Ward collaborates with scientists at the Khlopin Radium Institute (KRI) 
where we met with the Director General Alexander Rimski-Korsakov.  The foci for KRI are 
environmental remediation, D&D, reprocessing, and the production of medical isotopes.  We 
discussed the Neutron Multiplicity Experiment and Detector that involves collaborative work with 
the Finland, BNL (George Green) and UNLV (Carter Hull, Task 6), specifically, the agreement for 
shipment of the detector system to UNLV (export license, insurance, calibration source, and draft 
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contract).  Because of the need to begin this work promptly in 2002, we negotiated specifics and 
agreed upon a draft version of the contract to bring back to UNLV for review and execution.  The 
group heard a presentation from Professor Boris Burakov and Deputy Director Eugeniy Anderson.  
Dr. Rimski-Korsakov will visit Tucson at the end of February and we will invite him to UNLV at 
that time.   
 
Also in St Petersburg we toured the MINATOM State Regional Education Center (one of five such 
public education centers in Russia) and met with Rector Yury Lisnenko and his International 
Programs Coordinator Marina Labyntseva.  We learned that this center has a focus as a conference 
site and suggested collaboration with UNLV’s hotel college.  Already in progress is work with Duke 
and UCLA but the Rector was excited with our potential.  They currently run a “summer law school” 
and several courses in business/entrepreneurism and they are keenly interested in developing a joint 
program with UNLV in radioactive waste.  This center operates as a consortium of Russian 
institutions each of which does a different “piece” of nuclear science and engineering and noted that 
this “national consortium” is precisely what DOE wants to establish in the U.S. with UNLV as lead.  
The Rector offered to arrange a program for U.S. officials to visit Russian institutions and vice versa. 
The team also visited the St. Petersburg State Institute of Technology, meeting with the Head of the 
Radiochemistry unit, Alexander Nechaev and with Anatoli Tarasov, of the St. Petersburg State 
Technical University.  The latter trains engineers and the former scientists.  Both schools offer good 
potential for students continuing their studies at UNLV. 
 
MCNPX Code Training Workshop, January 14-18, Las Vegas, Nevada – The purpose of the 
workshop was for LANL experts to train students (included 13 UNLV students and staff) who are 
using the MCNPX code in their research or who have a general interest in learning the code.     
 
AAA Quarterly Technical Review, January 15-16, Las Vegas, Nevada – The purpose of the 
meeting was to bring research coordinators from across the national program to a central location 
and provide progress reports to DOE-NE and national project directors.  University participants were 
also invited and a student poster session attracted 18 posters, four students were invited to give oral 
posters. 
 
Research collaboration meetings are encouraged and arranged to help enhance communication 
networking and develop collaborative graduate student research projects.  In addition to the above, 
research collaboration meetings were held between UNLV faculty and the following groups: 
• Karlsruhe Lead Laboratory (KALLA):  December 3-4, 2001, visit to KALLA by Anthony 
Hechanova 
• Argonne National Laboratory Separations Group:  mid-December, visit to ANL by W. 
Culbreth, D. Lowe, and E. Bakker, UNLV Department of Mechanical Engineering faculty 
and students 
• Idaho State University Idaho Accelerator Center:  mid-December, visit to ISU by W. 
Culbreth and Suresh Sadenini, UNLV Department of Mechanical Engineering faculty and 
student, for meeting with Frank Harmon 
• Los Alamos National Laboratory Transmutation Sciences Group:  January 17, visit to LANL 
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by Yingtao Jiang and Bingmei Fu, UNLV Department of Mechanical Engineering 
• University of California, Berkeley:  February 12, 2002, visit to UNLV by Per Peterson and 
Ehud Greenspan 
• Senator Peter Domenici’s Staff:  February 20, 2002, visit to UNLV by Peter Lyons 
• Neutrino/basic nuclear sciences:  February 25, 2002, visit to UNLV by Frank Avignone, 
University of South Carolina 
• DOE-NE and UNLV Directors’ Conference Calls:  December 20; January 28; and February 
4, 11, and 19, telephone conferencing between John Herczeg and staff and Anthony 
Hechanova 
 
 
2.3   UNLV AAA UPP Website, Information Management, and Seminars 
 
The UNLV AAA UPP website <http://aaa.nevada.edu> was maintained in the Fourth Quarter by 
HRC student webmaster John Knoten.  This website contains relevant information for internal 
UNLV communications, networking with outside groups, and for general public access.  A library 
housed at the HRC was maintained that contains materials supplied by the national laboratories and 
other sources related to the AAA.   
 
The following seminars were presented during the Fourth Quarter: 
 
“UNLV Advanced Accelerator Applications University Participation Program,” Anthony 
Hechanova, December 4, 2001, Karlsruhe, Germany; December 13, 2001, Obninsk, Russia; 
January 16, 2002, AAA Quarterly Technical Review, UNLV; February 13, 2002, University 
Workshop, UNLV; and, February 26, 2002, NERAC Subcommittee, Washington, DC. 
“Corrosion of Steels from Lead Bismuth Eutectic,” Daniel Koury, UNLV Physics Department, AAA 
Student Oral Poster, January 16, 2002.   
“Determination of Dose Coefficients for Radionuclides Produced in Spallation Neutron Sources,” 
John Shanahan, UNLV Health Physics Department, AAA Student Oral Poster, January 16, 2002.  
“Neutron Multiplicity Measurements of AAA Target/Blanket Materials,” Steven Curtis, UNLV 
Harry Reid Center for Environmental Studies, AAA Student Oral Poster, January 16, 2002. 
Infrastructure Seminars on Transmission Electron Microscopes:  January 17, 2002, JEOL; January 
23, 2002, Hitachi; and, February 6, 2002, FEI. 
“Alternative Treatment of High-Level Waste,” William Culbreth, IEEE Nevada Section invited 
seminar, UNLV, January 31, 2002. 
“Superconducting Accelerator Research and Development,” John McGill, General Atomics, 
February 26, 2002. 
 
3. RESEARCH INFRASTRUCTURE AUGMENTATION 
 
The goal of the Research Infrastructure Augmentation component of the UNLV AAA UPP is to 
augment the research staff and facilities at UNLV to increase the ability of the university to perform 
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AAA research.  The following sections describe progress made in infrastructure augmentation. 
 
3.1   New Hires 
 
Research Scientist A, Harry Reid Center ― Dr. Longzhou Ma began his appointment on December 
1, 2001.  All of Dr. Ma’s time will be devoted to AAA and his principal responsibilities will be the 
design, development, and establishment of a Transmission Electron Microscopy User Facility. 
 
Research Scientist B, College of Sciences ― The search committee has completed their process and 
their top candidate was offered a faculty position.  The position was not yet filled by the end of the 
Fourth Quarter. 
 
Research Scientist C, College of Engineering ― Dr. Ajit Roy began his appointment on July 1, 
2001.  Half of Dr. Roy’s time will be devoted to AAA and he will be a principal involved in 
developing a Materials Performance User Facility. 
 
Research Scientist D, Department of Geosciences and Harry Reid Center ― The search committee 
for a SEM technician is ongoing.  The position has not yet been filled by the end of the Fourth 
Quarter.   
 
3.2   New Equipment and Facilities 
 
Four new user facilities are under development in the Fourth Quarter. 
 
Materials Performance User Facility:  This facility is under development in existing space in the 
College of Engineering complex and utilizes auxiliary laboratory space at the Harry Reid Center 
until completion of the Engineering facility.  About $230,000 of equipment for AAA tasks is being 
set up in the facility, which is expected to be complete by mid-year 2002. 
 
Transmission Electron Microscopy (TEM) User Facility:  This facility is to be built in existing 
space at the Harry Reid Center.  The first step in the development of the facility was to hire a TEM 
expert, Dr. Longzhou Ma (Research Scientist A, see Section 3.1) to aid in the selection of a TEM, 
and the design, development, and operation of the new TEM User Facility.  During the Fourth 
Quarter, a number of TEM vendors have been meeting with UNLV faculty and staff to determine the 
most appropriate system for UNLV’s infrastructure needs. 
 
Lead Bismuth Eutectic Loop User Facility:  The LBE Loop Steering Committee established a 
Subcommittee to develop (with input from potential collaborators) a research plan to help determine 
the context for the design of the facility.  The current path forward is to set up the ISTC Target as an 
experimental loop in the College of Engineering Complex while a permanent and tailor-made facility 
is designed and developed as part of the Harry Reid Center for Environmental Studies. The LBE 
Loop Subcommittee submitted a second draft of a research plan4 after discussions with potential 
collaborators.  The following are excerpts from Prof. Moujaes’ proposed plan:  
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At this point we are in contact with our Russian counterparts from the IPPE and with other European 
research laboratories and LANL who have familiarity with operating LBE loops to help coin a 
reasonably effective experimental plan at UNLV that would compliment the efforts going on 
elsewhere and give us at UNLV a certain niche in some of the emerging areas of research relevant to 
the LBE technology. 
 
It has been decided that since the funding for the target is not available for future research using this 
loop that the experimental/simulation efforts regarding this loop be more tailored towards two areas: 
thermal-hydraulics of LBE flows and material science studies. 
 
The installation of the loop will entail a lot of front-end preparation for the proper alignment of the 
loop in the Laboratory as well as extensive safety checks that need to be performed.  This will 
probably involve the safety department of UNLV plus any other state entities such as the fire 
marshal.  Earlier work and planning has already been done for the safety issues for this type of loop 
as reported by LANL5 and we will closely adopt their approach as appropriate.  
 
Tests of different durations will be conducted in the loop with material corrosion testing probably 
being of longest duration while the thermal-hydraulics testing being the shorter time wise of the two 
types of testing.  Hence it would seem logical to start on these shorter duration tests to make sure the 
loop is in good and stable operation before embarking on any long-term corrosion test. 
 
Some basic experimental research tasks are identified below based on preliminary discussions and a 
document on research activities in the U.S.6  See the plan4 for more complete descriptions.  These 
tasks are not necessarily suggested in any particular order at this point but will be fine tuned through 
discussions with LANL and international partners as their participation is very crucial in this effort. 
 
• Task 1:  Determine the flow pump-system characteristics 
• Task 2:  Determine the natural flow characteristics of the loop 
• Task 3:  Determine of localized flow conditions in target plate geometries – thermal-
hydraulic considerations 
• Task 4:  Test new instrumentation used in determining data of several localized variables 
for the LBE application 
• Task 5:  Determine kinetics of the dissolution/deposition process as a function of 
temperature, flow velocity, dissolved metal concentration and the oxygen potential of the 
system6  
• Task 6:  Determine the kinetics of film formation in the presence of oxygen6 
• Task 7:  Determine the kinetics of transport of metal through any surface film6 
• Task 8:  Determine the role of alloy chemistry on the above three items6 
 
The time line schedule (see table below) will be carried out in about three years.  Again the three 
years is somewhat tentative at this point and the duration could be lengthened or shortened as needs 
arise. 
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Materials Characterization Facility:  The UNLV AAA program at the recommendation of the 
Infrastructure Committee will financially assist in the maintenance of an already existing facility 
within the College of Sciences that contains optical microscopes and a Scanning Electron 
Microscopy (SEM) through taking over the payment of service contracts.  In addition, the UNLV 
AAA Program’s fourth new hire (referred to as Research Scientist D in the UNLV AAA UPP 
proposal1) will be cost-shared with the Geosciences Department and will include responsibilities as a 
technician for the SEM and TEM facilities. 
 
4. RESEARCH PROJECTS 
 
The Student Research component is the core of the UNLV AAA UPP with steadily increasing funds 
as the program evolves and capability expands.   
 
4.1   Student Research Tasks 
 
The following 12 tasks comprise the student research component of the UNLV AAA University 
Participation Program.  4 tasks began in the summer term 2001 and 8 tasks began in the fall term 
2001.  The Second Quarter progress reports from the 4 tasks that started in the summer and the First 
Quarter progress reports from the 8 tasks that started in the fall are included as appendices.  All 
research groups appear to be presenting adequate progress as evidenced by a healthy representation 
at the ANS Student Mini-Conference, AAA Quarterly Technical Review Student Poster Session, 
presentations at seminars, and good communication with program coordinators and national project 
partners. 
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Task Title UNLV Department  
National Collaborator 
Annual Cost (# of Students) 
Technical 
Area 
1 Design and Analysis for Melt Casting 
Metallic Fuel Pins Incorporating Volatile 
Actinides 
Mechanical Engineering Dept 
Argonne National Laboratory 
$141k (2 Grads) 
Fuels 
2 Modeling, Fabrication, and Optimization 
of Niobium Cavities 
Electrical & Comp Eng Dept 
Los Alamos National Lab 
$161k (3 Grads) 
Accelerator 
3 Experimental Investigation of Steel 
Corrosion in Lead Bismuth Eutectic:  
Characterization, Species Identification, 
and Chemical Reactions 
Physics Department 
Los Alamos National Lab 
$190k (2 Grads) 
Transmuter 
4 Hydrogen-Induced Embrittlement of 
Candidate Target Materials for 
Applications in Spallation-Neutron-
Target Systems 
Mechanical Engineering Dept 
Los Alamos National Lab 
$146k (2 Grads) 
Target 
5 Modeling Corrosion in Oxygen 
Controlled LBE Systems with Coupling 
of Chemical Kinetics and 
Hydrodynamics 
Mechanical Engineering Dept 
Los Alamos National Lab 
$109k (2 Grads) 
Transmuter 
6 Neutron Multiplicity Measurements for 
AAA Target/Blanket Materials 
Harry Reid Center 
Los Alamos National Lab 
$140k (1 Grad) 
Transmuter 
7 Develop Dose Conversion Coefficients 
for Radionuclides Produced in Spallation 
Neutron Sources 
Health Physics Department 
Los Alamos National Lab 
$160k (2 Grads) 
System 
Integration 
8 Development of a Systems Engineering 
Model of the Chemical Separations 
Process 
Mechanical Engineering Dept 
Argonne National Laboratory 
$150k (2 Grads) 
Separations 
9 Design and Evaluation of Processes for 
Fuel Fabrication 
Mechanical Engineering Dept 
Argonne National Laboratory 
$87k (1 Grad) 
Fuels 
10 Development of a Mechanistic 
Understanding of High-Temperature 
Deformation of Alloy EP-823 for 
Transmutation Applications 
Mechanical Engineering Dept 
Los Alamos National Lab 
$99k (1 Grad) 
Target 
11 Nuclear Criticality Analyses of 
Separations Processes for the 
Transmutation Fuel Cycle 
Physics and Mech Eng Dept 
Argonne National Laboratory 
$110k (2 Grads) 
Separations 
12 Radiation Transport Modeling of Beam-
Target Experiments for the AAA Project 
Mechanical Engineering Dept 
Argonne National Laboratory 
$110k (2 Grads) 
Transmuter 
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4.2   Student Recruitment 
 
Graduate student recruitment efforts were initiated early in the UNLV AAA program to fulfill the 
mission to attract topnotch students in the sciences and engineering.  The UNLV AAA program is 
integrating with UNLV’s recruiting efforts in the Colleges of Sciences and Engineering.   
 
In the Fourth Quarter, the Administrative Committee took advantage of a number of opportunities to 
recruit students during their trip to Russia.  They met with students from the Institute for Nuclear 
Power Engineering, Moscow State University, St. Petersburg State Institute of Technology, and St. 
Petersburg State Technical University.   
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APPENDICES 
 
The following appendices are quarterly reports due during the Fourth Quarter. 
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Task 1.  Second Quarter Report 
 
Phase I: Design and Analysis for Melt Casting Metallic Fuel Pins Incorporating 
Volatile Actinides 
 
Quarterly Progress Report 
8/16/01- 11/15/01 
 
UNLV-AAA University Participation Program 
 
Principal Investigator: Yitung Chen 
Co-Principal Investigators: Randy Clarksean and Darrell Pepper 
 
Purpose and Problem Statement 
 
An important aspect of the Advanced Accelerator Applications (AAA) program is the development 
of a casting process by which volatile actinide element (i.e., americium) can be incorporated into 
metallic alloy fuel pins.  The traditional metal fuel casting process uses an inductively heated 
crucible.  The process involves evacuation of the furnace.  The evacuation of the furnace also 
evacuates quartz rods used as fuel pin molds.  Once evacuated the open ends of the molds are 
lowered into the melt; the casting furnace is then rapidly pressurized, forcing the molten metal up 
into the evacuated molds where solidification occurs. 
 
This process works well for the fabrication of metal fuel pins traditionally composed of alloys of 
uranium and plutonium, but does not work well when highly volatile actinides are included in the 
melt.  The problem occurs both during the extended time period required to superheat the alloy melt 
as well as when the chamber must be evacuated.  The low vapor-pressure actinides, particularly 
americium, are susceptible to rapid vaporization and transport throughout the casting furnace, 
resulting in only a fraction of the charge being incorporated into the fuel pins as desired.  This is 
undesirable both from a materials accountability standpoint as well as from the failure to achieve the 
objective of including these actinides in the fuel for transmutation. 
 
Candidate design concepts are being evaluated for their potential to successfully cast alloys 
containing volatile actinides.  The selection of design concepts has been conducted in close 
cooperation with ANL staff.  The research centers on the development of advanced numerical 
models to assess conditions that significantly impact the transport of volatile actinides during the 
melt casting process.  The work will include the collection and documentation of volatile actinide 
properties, development of several conceptual designs for melt casting furnaces, modeling and 
analysis of these concepts, development of sophisticated numerical models to assess furnace 
operations, and analysis of these operations to determine which furnace concept has the greatest 
potential of success.  Research efforts will focus on the development of complex heat transfer, mass 
transfer, and inductive heating models. 
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Personnel 
 
Principal Investigator:  Dr. Yitung Chen (Mechanical Engineering) 
 
Co-Principal Investigators:  Dr. Randy Clarksean and Dr. Darrell Pepper (Mechanical Engineering) 
 
Student:  Mr. Xialong (Frank) Wu, M.S. Graduate Student, (Mechanical Engineering) 
 
National Laboratory Collaborators:  
Dr. Mitch Meyer, Leader of Fabrication Development Group, ANL-West 
Dr. Steve Hayes, Manager of Fuels & Reactor Materials Section, Nuclear Technology Division, 
ANL-West 
 
Management Progress 
 
Budget Issues: 
• Purchase of annual user license of commercial computational fluid dynamics code (FIDAP) 
• One computer system has been ordered for Mr. Wu and other one will be ordered in 
December or January for the undergraduate student 
• Most of the major equipment budget has been spent 
• Salary expenditures need to be adjusted because the secretary of Mechanical Engineering 
Department has not revised the correct student name based upon the proper account number 
 
Management Problems 
 
The first year budget of the phase I research task is from 05/01/01 to 04/30/02.  Since the budget was 
started when the school was still in the spring semester, it was very difficult to implement the budget 
immediately.  It was because student and faculty all had other research support from the federal or 
local government during that time.  The contracts for Mr. Wu and Dr. Clarksean started from June 1, 
2001.  Therefore, we would like to make a request to extend the first year budget to the end of June 
or July 2002 without any additional cost.  It will also be very helpful for us to carry forward the first 
year budget to the second year without any additional cost if our phase II proposal is funded.  It is 
because of the soft money salary issues.  The other problem is the serious delay on the travel 
reimbursement that usually takes more than 6 weeks to get travel money back to traveler. 
 
We are still looking for one undergraduate student to work with us on this project.  Many 
undergraduates already had their part-time jobs on or off of the UNLV campus.  Some of them will 
be available starting spring semester 2002.  We will keep contacting qualified students in an effort to 
recruit them by the beginning of spring semester 2002.   
 
Technical Progress 
 
Progress meetings at Argonne National Laboratory in Idaho were very productive on October 1, 
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2001.  The intent of the meeting was to select the design that had the greatest chance of success for 
casting americium.  An induction skull melter (ISM) concept was selected and will be analyzed in 
detail for the rest of the year.  The design includes: 
• Segmented copper crucible, 
• NaK cooling loop for crucible, 
• Cover for the crucible region to minimize Americium transport, 
• Set of “chill” molds for the fuel rods, and a 
• Set of resistance heaters to control the preheat of the chill molds. 
 
This design leads to three basic areas for modeling.  These areas are americium transport (impact of 
increased pressure and confinement), processing times, and fuel casting.  A general approach for the 
americium transport has been identified and attempts are being made to locate materials property 
data.  A general model of the casting crucible region is being developed at present.  The fuel casting 
model has been developed and preliminary analyses have been completed. 
 
The casting model has to take into account heat transfer, fluid flow, phase change, material 
properties, and preheat conditions for the chill molds.  The general-purpose finite element code 
FIDAP is being used for these analyses.  The long length-to-diameter ratio of the fuel rod makes 
the problem more complex and more expensive computationally.  The fuel rod casting geometry is 
shown schematically in Figure 1. 
 
 
 
r
z
Inlet Flow
Outlet Flow
 
Figure 1. Schematic of casting model. Axisymmetric model of geometry used to simplify problem. 
 
 
The fluid is considered to be molten as it enters the domain and it is cooled as it flows into the mold. 
The model considers preheating along the length of the mold.  For the simulations to be shown in the 
figures that follow, the initial temperature profile varied from 1500oC on the left end to 1000oC on 
the right end of the mold.  The molten material initially enters the domain at 1500oC. 
 
Figure 2 shows the velocity field as the fluid enters the mold from the casting crucible region (left 
side of schematic in Figure 1).  Figure 3 shows the temperature distribution within the mold and the 
molten fuel as a function of time. 
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Figure 2. Velocity vectors of melt flowing into chill mold (transient conditions). Red represents high 
velocities; blue represents lower velocities. Entrance velocity assumed to be 0.4 m/sec. 
 
 
 
Figure 3. Temperature distribution of melt and mold as melt flows into the chill mold.  Red 
represents a temperature of 1500oC, while blue represents a temperature of 1000oC. 
 
The modeling is progressing well.  These models are very computationally expensive, hence they 
require significant amounts of computing time.  Future modeling efforts will consider the impact of 
mold preheating on the flow and solidification into the mold.  A parametric study will be performed 
to determine what conditions would work best for casting a long slender fuel rod. 
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Task 2.  Second Quarter Report 
 
Modeling, Fabrication, and Optimization of Niobium Cavities – Phase I  
 
Quarterly Progress Report 
8/20/01 - 11/20/01 
  
UNLV-AAA University Participation Program 
 
Robert A. Schill, Jr. and Mohamed B. Trabia, Principal Investigators 
 
 
Purpose and Problem Statement 
 
Multipacting is one of the major loss mechanisms in RF superconductivity cavities for accelerators.  
This loss mechanism limits the maximum amount of energy/power supported by the cavities.  
Optimal designs have been identified in others’ studies.  In practice, these designs are not easily 
manufactured.  Chemical etching processes used to polish the cavity walls result in a nonuniform 
surface etch. A nonuniform surface etch will leave some unclean areas with contaminants and 
micron size particles.  These significantly affect mutipacting.  Further, a nonuniform etch will leave 
areas with damaged grain structure, which is not good for superconducting properties.  Typically, the 
depth of chemical polishing etch ranges between 10 to 150 microns. 
 
It is the purpose of this study to examine the chemical etching process in the design of niobium 
cavities so to maximize the surface quality of the cavity walls while minimizing the multipacting 
losses.  Single and multiple cavity cell geometries are to be investigated.  Optimization techniques 
will be applied in search of the chemical etching processes, which will lead to cavity walls with near 
ideal properties.  Figure 1 depicts a block diagram of the optimization procedure, which is intended 
to be fully automated among a variety of existing codes. 
 
 
Multipacting
Optimal design of the
niobium cavities
CFD study of chemical
etching
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Personnel 
 
Principal Investigators: 
Dr. Robert A. Schill, Jr. (Electrical Engineering)  
Dr. Mohamed B. Trabia (Mechanical Engineering)    
Research Investigator:  
Dr. Yi-Tung Chen (Mechanical Engineering)  
Students: 
Ms. Myong Holl, Undergraduate Student, (Mechanical Engineering) 
Mr. Satishkumar Subrmanian, M.S. Graduate Student, (Mechanical Engineering).   
Ms. Qin Xue, M.S. Graduate Student, (Mechanical Engineering).   
National Laboratory Contact: 
Dr. Dominic Chan, Project Leader for Superconducting RF Engineering Development and 
Demonstration AAA Technology Project Office at Los Alamos National Laboratory 
   
Management Progress  
 
Budget Issues: 
• Purchase of software codes (Chemical Engineering Module for FEMLAB). 
• The third computer system arrived near the end of October or early November.  This system 
is to be used for the multipacting studies. 
Notes: 
Most of the major equipment budget has been spent.   
Salary expenditures are on target. 
 
Management Problems 
 
We intend to overcome some of the software difficulties.  A purchase of a chemical engineering 
toolbox helped in the study of azimuthally symmetric geometries.  Significant time was spent in 
creating a model of multiple-cell cavity with the etching baffle in FEMLAB. 
 
We had difficulties in identifying a student to work on the multipacting codes and simulations.  By 
mid-October, Ms. Myong Holl modified her scope on this research to aid us in the multipacting 
simulation studies.  We are currently examining the codes obtained from Field Precision Inc. 
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Technical Progress 
 
Multipacting Study 
 
Starting in mid-October, Ms. Myong Holl began learning the suite of codes purchased and obtained 
from Field Precision Inc.  At present, the RF Trak code is being examined for consistency.  Recently 
we learned from the author of the code (Dr. Stan Humphries) that the code uses a random number 
generator to characterize secondary electron emission.  We have also identified some limitations in 
the code that must be considered in the interpretation of technical results of the code.  For example, 
the secondary electrons do not appear to be tracked.  Only the primary electron is tracked before and 
after emission. 
 
 
We are now investigation multipacting in the cylindrical pill box cavity supporting the dominant 
mode.  Multipacting in this geometry is well known and will be used as a means of bench marking 
the code.  Once confidence in the code has been gained in this bench marking study, we will be in 
the position to examine cavity structures of interest in this research. 
 
Dr. Humpries has been invited to give a seminar in March of 2002.  During his visit, we will be 
interacting with him, in person, on his code. 
 
CFD Study of Chemical Etching 
 
Surface finish of the niobium cavity plays an important role of achieving the best performance.   
Perturbation of the geometry of the cavity inner surface can seriously affect its performance due to 
RF heating or electron field emission.  Therefore, fabrication of the cavity is followed by a surface 
finish treatment using chemical etching. A baffle is inserted inside the cavity and an etching fluid is 
circulated to improve surface finish. The function of the baffle is to create desired pattern of 
B
Multipacting Will
Occur Here
2R
E d
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streamlines. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The following steps were taken toward understanding and modeling of this problem: 
1. Continuous discussions with Dr. D. Chan, LANL, and his colleagues to understand the 
problem. 
2. Developing a finite element model for five-cell niobium cavity with a baffle using FEMLAB 
software (chemical engineering module).  
3. Proposing a performance index to assess the etching process based on the standard deviation 
of the velocity vector along the cavity surface. The figures below show the cavity mesh, 
surface plot of the velocity field and flow plot of the same field.  
 
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Optimization Study 
We started performing a parametric study of the effect of various factors on the etching process. We 
will use our findings to conduct an optimization study. We are having ongoing discussions with 
LANL personnel regarding these issues. 
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Task 3.  Second Quarter Report 
 
Quarterly Report 
August 15, 2001-Nov 15, 2001 
 
Analysis of Corrosion of Steel by Lead Bismuth Eutectic 
 
John W. Farley, UNLV Physics 
Dale L. Perry, LBNL 
 
Management Issues 
 
A new graduate student, Brian Hosterman, joined the research group at the end of August.  He 
worked side-by-side with third-year graduate student Dan Koury, and is doing well.  
 
In addition, an undergraduate student, Denise Parsons, joined the group.  She has experience 
working for Los Alamos at the Yucca Mountain Project, and previously for the Nevada Test Site. 
She was very helpful in analysis of data from the XPS.  She was particularly helpful in preparation 
of the presentation at the winter meeting of the ANS in Reno (November 2001). 
 
UNLV chemistry professor Allen Johnson joined the group, and is essential, especially in the XPS.  
 
We have continued our fruitful collaboration with Dr. Ning Li of Los Alamos.  
 
Technical Issues 
 
We examined stainless samples that were exposed to LBE in experiments conducted by the 
Russians, under contract to Los Alamos.  We examined both corroded and uncorroded samples using 
the Scanning Electron Microscope (SEM), the Energy Dispersive X-Ray (EDAX) Spectroscopy, and 
the X-ray Photoelectron Spectrometer (XPS).  We found that the surface of the corroded sample is 
covered by oxygen-containing compounds, presumably mostly iron oxide.  In samples exposed for 
shorter times or lower temperatures, we found that some areas were coved by an oxide layer, and 
some areas were uncovered. We found that the level of Cr in the uncovered area is much higher than 
the level of Cr in the covered area.  Oxygen is present in the spectra of both covered and uncovered 
areas.  
 
Using EDAX, we examined samples that had been exposed to LBE, and samples that had not been 
exposed.  We found that oxygen was present with a strong signal in samples exposed to LBE, and 
absent from samples that were not exposed.  
 
We were surprised to find Zn present, in both the EDAX data and in the XPS data. 
 
We found carbon peaks using XPS.  The carbon 1s peak of the uncorroded sample was much less 
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oxidized than the corroded sample.  Further investigation (using sputter depth profiling) will reveal 
whether the carbon was generated during the LBE exposure or during subsequent handling.  Oxygen 
and other elements showed a shift to higher binding energy in the samples exposed to LBE, 
compared to those not exposed.  
 
Our findings were presented at the Winter 2001 meeting of the American Nuclear Society in Reno 
on November 11-15, 2001.  Graduate student Dan Koury gave the presentation.  The conference 
paper, after incorporating changes by the peer reviewers, was submitted to the Journal Nuclear 
Materials, and was accepted (to be published in 2002).   
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Task 4.  Second Quarter Report 
 
MEMORANDUM 
 
To: Drs. Anthony Hechanova and Gary Cerefice, HRC 
From: Drs. Ajit Roy and Brendan O’Toole, MEG 
Date: November 26, 2001 
Subject: AAA Task-4 Quarterly (9/1 – 11/30, 2001) Report 
 
Introduction 
 
The primary objective of this task is to evaluate the effect of hydrogen on environment-assisted 
cracking of candidate materials for applications in spallation-neutron-target (SNT) systems such as 
accelerator production of tritium (APT) and accelerator transmutation of waste (ATW).  The 
materials selected for evaluation and characterization are martensitic stainless steels including HT-9, 
EP 823 and 422.  The susceptibility to stress corrosion cracking (SCC) and hydrogen embrittlement 
(HE) of these alloys will be evaluated in environments of interest using tensile specimens under 
constant load and slow-strain-rate (SSR) conditions.  The extent and morphology of cracking of 
these alloys will further be evaluated by optical microscopy and scanning electron microscopy 
(SEM).  The concentration of hydrogen resulting from cathodic charging will be analyzed by 
secondary ion mass spectrometry (SIMS). 
 
Personnel 
 
The current project participants are listed below. 
 
Principal Investigators:  Dr. Ajit K. Roy and  Dr. Brendan J. O’Toole 
Department of Mechanical Engineering, UNLV 
Roy: Phone: (702) 895-1463 email: aroy@unlv.edu 
O’Toole:  Phone: (702) 895-3885 email: bj@me.unlv.edu 
 
Investigators (UNLV): Dr. Zhiyong (John) Wang, Department of Mechanical Engineering 
 Dr. David Hatchet, Department of Chemistry 
 Mr. Raymond Kozak, Department of Mechanical Engineering 
 Mr. Mark Jones, Department of Mechanical Engineering 
Wang:  Phone: (702) 895-3442 email: zwang@nscee.edu 
Hatchet:  Phone: (702) 895-3509 email: dhatchet@ccmail.nevada.edu 
Kozak:  Phone: (702) 249-4201 email: ray.kozak@lvvwd.com 
Jones:  Phone: (702) 384-3756 email: kamproducts@earthlink.com 
 
Collaborator (DOE): Dr. Ning Li, Los Alamos National Laboratory, New Mexico 
 Phone: (505) 665-6677 email: ningli@lanl.gov 
     
  
 
 32
Highlights of Accomplishment 
 
• Several expenditure request forms have been prepared and submitted to procure the following 
equipment to develop infrastructure for performing the planned experimental work in the 
proposed “Materials Performance Laboratory” to be located in Room #B129 at the Engineering 
Building. 
 
− One eight-channel multipotentiostat (estimated cost per quote: $35,0000) 
− Six proof-ring assemblies, one high-temperature autoclave assembly, one each six-channel 
timer and temperature controller, and twelve electrochemical Lugin probe assemblies (total 
estimated cost per quotes: $68,000) 
− One high-temperature-inert-gas chamber with extension rod assembly and related system 
software for mechanical testing (total cost per quotes: $47,000) 
− One abrasive cutter for metallurgical sample preparation (cost per quote: $8,400) 
− One inverted optical microscope with associated parts for metallography (cost per quote: 
$18,000)  
 
• Seven experimental heats of Alloys HT-9 (2), EP 823 (3) and 422 (2) have been melted.  These 
ingots are currently being processed by hot working to convert them into bars at the vendor’s 
facility, and will subsequently be shipped to UNLV for thermal treatments and specimen 
machining. 
 
• A plan to establish a materials performance user facility (B#129) has been developed and 
presented to the appropriate authorities for approval.  This facility will have capabilities to 
conduct thermal treatments, metallographic evaluation, sample preparation, mechanical testing, 
along with corrosion studies (SCC/HE/Electrochemical Polarization etc.) involving numerous 
aqueous environments of interest both at elevated and ambient temperatures.  This facility will 
house some recently procured equipment using YM funding, some existing equipment, and 
future equipment (infrastructure) being purchased by AAA funding, as indicated above. 
 
• Meanwhile, two interim testing facilities have been established at the Harry Reid Center (HRC 
#415) and Engineering Building (B#113).  Constant load SCC tests are in progress at the HRC 
laboratory using four calibrated proof rings purchased with YM funding.  Simultaneously, efforts 
are ongoing at B#113 to perform SCC tests using SSR/load-cell assemblies bought with YM 
funding.  
 
• Finally, an undergraduate student is being selected to assist in future experimental work.  
 
Problems 
 
Assuming that the proposed “AAA-Materials Performance Laboratory” is going to be located at 
B#129 in the Engineering Building, no problems are currently anticipated. 
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Status of Funds 
 
Expenditures incurred during this quarter are within the target amount allocated. 
 
Plans for Next Quarter 
 
• Set up the final AAA-materials laboratory, if approved, according to the planned layout using the 
currently available equipment from both HRC #415 and B#113. 
• Prepare test matrices using materials from all seven experimental heats currently being 
processed. 
• Heat treat test materials, machine them, and prepare the desired number of test specimens. 
• Initiate SCC/HE/electrochemical polarization testing in the final laboratory. 
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Task 5.  First Quarter Report 
 
Modeling Corrosion in Oxygen Controlled LBE Systems with Coupling of 
Chemical Kinetics and Hydrodynamics 
 
Quarterly Progress Report 
8/16/01- 11/15/01 
 
UNLV AAA University Participation Program 
Principal Investigator: Samir Moujaes 
Co-Principal Investigator: Yitung Chen 
 
Purpose and Problem Statement 
 
The Lead-Bismuth Eutectic (LBE) has been determined from previous experimental studies by the 
Russians and the European scientific community to be a potential material that can be used as a 
spallation target and coolant for the AAA proposed application.  
 
Properly controlling the oxygen content in LBE can drastically reduce the LBE corrosion to 
structural steels.  However, existing knowledge of material corrosion performance was obtained 
from point-wise testing with very limited density.  The transport of oxygen and corrosion products, 
their interaction and variation of corrosion/precipitation along the flow are not well understood.  
 
An experimental study monitored corrosion history of specimens in one test loop over several 
thousand hours and showed that corrosion would occur at higher temperatures i.e. 550 oC but 
precipitation occurs around 460 oC, which is at the intermediate temperature.  This confirms that the 
temperature distribution in an LBE system is important for understanding the system corrosion 
performance. 
 
The first subtask of this project involves using a CFD code (2-D simulation) such as STAR-CD to 
obtain averaged values of streamwise velocity, temperature, oxygen and corrosion product 
concentrations at a location deemed close to the walls of the LBE loop at more than one axial 
location along it.  The oxygen and corrosion product inside the test loop will be simulated to 
participate in chemical reactions with the eutectic fluid as it diffuses through towards the walls. 
Details of the geometry of these loops will be obtained from scientists at LANL.  These values will 
act as a set of starting boundary conditions to the second task.  
 
The second subtask and the more important objective of this project is to use the information 
supplied by the first task as boundary conditions for the kinetic modeling of the corrosion process at 
the internal walls of the test loop.  The outcome of the modeling will be fed back to the first subtask, 
and the steady state corrosion/precipitation in an oxygen controlled LBE system will be investigated 
through iterations.  The information is hoped to shed some light on the likely locations for corrosion 
and precipitation along the axial length of parts of the test loop. 
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Personnel 
 
Principal Investigator: 
• Dr. Samir Moujaes (Mechanical Engineering) 
 
Co-Principal Investigator: 
• Dr. Yitung Chen (Mechanical Engineering) 
 
Students: 
• Mr. Chao Wu, M.S. Graduate Student, (Mechanical Engineering) 
• Mr. Kanthi Dasika, M.S.  Graduate Student, (Mechanical Engineering)  
 
National Laboratory Collaborator: 
• Dr. Ning Li, Project Leader, Lead-Bismuth Material Test Loop, LANL 
 
 
Management Progress 
 
Budget Issues: 
• Two personal computers have been ordered in the beginning of the fall semester and those 
computers were received in the end of November. 
• One Color laser jet printer has been misordered and we are waiting for the right one to arrive. 
• One student was sent to the CD- ADAPCO at its Plymouth, Michigan training facility to get 
the fundamental training of how to run the commercial STAR-CD code. 
• Salary expenditures need to be adjusted because the secretary of the Mechanical Engineering 
Department has not revised the correct student’s name (i.e. Mr. Chao Wu) according to the 
proper account number. 
• A need for a wall chemistry module is being sought from ADAPCO, we are trying to 
negotiate with them to obtain a beta version of the module called CHEMKIN. 
 
 
Management Problems 
 
Mr. Chao Wu will be leaving for China for about three weeks to visit his family.  He was just 
admitted to the department of mechanical engineering in the fall semester of this year.  It was a 
decision that was made by the student and a ticket was bought before consulting with the PI.  
 
 
Technical Progress 
 
Hydrodynamics: 
 
STAR-CD has been chosen as the CFD tool for analyzing the fluid flow in the test loop.  The test 
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loop geometry and the physical properties of LBE are expected very soon. Meanwhile, an effort to 
get well acquainted with the STAR-CD software is being made.  Through some informal contacts 
like e-mails, we came to know that the test loop is cylindrical in geometry and the velocity of the 
LBE in the test loop is around 3-4m/s.  With the suggestion of the Investigators, an intelligent 
approach is being made towards the basic problem by considering flow of water in a pipe with a 
velocity of 3.5 m/s with low K-E Reynolds number.  Heat flux has been applied along the wall 
boundaries.  A pollutant with a concentration other than the concentration of water has been 
introduced in the fluid and the concentration, velocity and temperature profiles have been plotted.  
The results of our model trials have been represented in the form of following figures. 
 
FIG-1: VECTORIAL REPRESENTATION OF THE VELOCITY OF THE FLUID IN THE PIPE 
 
Figures 1,2 and 3 represent the velocity variation of the fluid flowing in the pipe.  The inlet velocity 
is given to be 3.5m/s. As expected, the velocity in the center of the pipe is more than the inlet 
velocity and the flow profile along the diametrical section is parabolic in shape.  
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FIG-2: VELOCITY PROFILE ALONG AN AXIAL SECTION OF THE PIPE 
 
FIG-3: VELOCITY PROFILE ALONG THE DIAMETRICAL SECTION OF THE PIPE 
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FIG-4: TEMPERATURE VARIATION ALONG THE AXIAL LENGTH OF THE PIPE 
 
FIG-5: TEMPERATURE VARIATION ALONG A DIAMETRICAL SECTION OF THE PIPE 
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Figures 4 and 5 represent the variation of the temperature along the axial and diametrical section of 
the pipe respectively.  A heat flux has been applied along the walls of the pipe and the inlet 
temperature is given as 400K.  Fig 5 shows clearly the variation of the temperature along a 
diametrical section due to the introduction of the heat flux. 
FIG-6: DIFFUSION OF THE POLLUTANT INTRODUCED IN THE TURBULENT FLUID FLOW  
 
Figure 6 shows the affects of introduction of a pollutant in a flowing fluid.  As has been mentioned 
earlier, the flow is turbulent and due to this, the pollutant, having a different concentration, mixes 
quite quickly with the fluid flowing in the pipe. 
 
An attempt to construct an unstructured mesh is being made which helps in giving more accurate 
results at the critical points like the walls where the corrosion mainly takes place.  A computational 
mesh will be setup and fluid flow analyzed as soon as we get the loop geometry and the physical 
properties of LBE from LANL. 
 
  
 
 40
Chemical kinetics of corrosion: 
 
An intensive literature search has been done in recent months.  More than ten journal papers and 
around five technical reports that are related with LBE coolant system have been found.  The 
information about LBE system is very limited, especially on chemical kinetics and thermodynamic 
data.  The corrosion mechanism on the material surface of whether it is kinetically controlled and/or 
diffusion control needs to be determined from the available data.  If it is kinetic controlled, then the 
reaction rates and order and reaction mechanisms of the corrosion are needed.  If there are many 
mechanisms, then we need to know what the most important bottleneck mechanisms are.  If it is 
diffusion controlled, then the diffusion function or variation with oxygen concentrations and 
temperatures are needed.  We also need to know whether or not the reverse reactions occur for lead 
and iron oxides, and under what kind of conditions.  The deposition rates of iron and lead oxide 
variation with temperatures are also needed.  A simple mechanism will be used at first.  Then a set of 
parametric studies will be used to simulate the corrosion process with the lead-bismuth bulk flow 
that is expected to occur in the turbulent flow regime.  Potential reactions between ferric oxide and 
lead are shown in Figure 7. 
 
FIG-7: POSSIBLE REACTIONS BETWEEN IRON OXIDES AND LEAD AS PRESENTED IN A RECENT 
PAPER BY DR. NING LI et al. ANS CONFERENCE RENO 2001 
 
The conceptual design of the LBE loop has been provided by LANL at the end of November.  The 
computational mesh will be set up according to the provided physical dimensions.  
 
A pipe flow with an injection point, from which the reactant gas of oxygen is added into pipe, has 
been studying in the first case.  From this study, the concentration profiles of each species, 
  
 
 41
temperature distributions, and velocity contours were calculated along the pipe flow.  This study 
case is similar to the given research task that oxygen is injected into the LBE bulk flow and is 
reacted with both of Pb and Bi. The surface reactions will be included in the next case of study.  
Then the precipitation of iron and lead oxide can be calculated according to the concentration 
profiles of oxide and the temperature variations.  Thus the precipitation downstream can be 
calculated in the bulk flow.  
 
Future work: 
 
1.   To decide on how many locations to model for the corrosion effect along the loop length. We are 
in communication with the LANL for that. 
2. The Star-CD with CHEMKIN software will be under evaluation for the surface corrosion 
reactions and diffusions.  Other software such as STORM/CFD2000 developed by Adaptive 
Research of Simunet Corporation is also under evaluation. 
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Task 6.  First Quarter Report 
 
 
Neutron Multiplicity Measurements of 
AAA Target / Blanket Materials 
 
 
Carter Hull 
Nuclear Sciences and Technology Group 
Harry Reid Center for Environmental Studies 
University of Nevada, Las Vegas 
 
 
Background and Overview of Research 
 
We have proposed using two principal detector systems to measure the neutron multiplicity of large 
(5-40 cm diameter by 30-100 cm length) and possibly complex targets (W, Pb, Pb/Bi, etc.).  Both of 
these techniques make use of multiple detector arrays (64-160 channels/array), which correlates the 
neutron multiplicity to each event.  The more commonly used detector is the He-3 gas tube counter 
configured with polythene moderator operating with about 1 microsecond timing resolution and 256-
microsecond duration.  It would be capable of measuring multiplicity’s up to about 200 neutrons per 
event with limited position sensitivity yet are of modular design to accompany complex target 
designs.  However, these detectors are count rate limited (10-100 events per second or 1000-10,000 
neutrons per second) but have been in use for many years and are well characterized.  The second 
detector type is Lithium Loaded Optical Fiber capable of 150 ns time resolution and count rates up to 
100 kHz.  An array of 160 elements would be capable of 5-degree angular resolution and 
measurements of more than 500 neutrons per event.  These new detectors need to be tested under 
realistic experimental conditions to understand any limitations. 
 
The aim of this measurement program is two-fold. First, we hope to measure the neutron leakage 
from 5, 10, 20 and 40-cm diameter Pb targets and to compare with MCNPX results.  Additionally, a 
neutron-multiplicity measurement on a variety of targets (Al, Fe, W, Pb, etc) over a range of 
energies (800-3000 MeV) will be performed for validation and benchmarking the MCNPX results.  
Comparison of results from the two detector systems will allow one to remove many uncertainties 
and to derive relative measurements in the few percent range at the 95%CL.  Secondly, precision 
position sensitive measurements of the source term volume for neutron production will allow 
systematic determination of major uncertainties in the nuclear transport code and may allow us to 
perform very low uncertainty measurements in the few per-cent range at 95%CL.   
 
Facilities at LANSCE or possibly in Russia at Dubna or at St. Petersburg Nuclear Physics Institute 
could be used for appropriate proton beams.  These results are of major interest to all spallation 
neutron projects such as AAA, APT and SNS and therefore will add greatly to the nuclear database.  
These measurements may also be performed on the secondary beam line at the AGS Accelerator at 
  
 
 43
Brookhaven National Lab since beams of pions, kaons and protons of appropriate energies could be 
used to test the codes. 
 
 
Progress During the First Quarter of Research 
 
Two major lines of research were initiated during the First Quarter.  The first line of work involves 
the nuclear transport code development and the second addresses the design and acquisition of the 
nuclear instrumentation required to perform the neutron multiplicity measurements. 
 
First Major Line of Research Begun in the 1st Quarter 
 
Nuclear transport code models and calculations of neutron detection efficiency at various points in 
the target-detector assembly must be completed and interpreted prior to developing preliminary 
designs of the neutron detection systems needed to perform multiplicity measurements. 
 
• Our Russian colleagues began work on the preliminary nuclear transport codes using code 
that has been developed by researchers at KRI for this purpose.  These modeling efforts were 
coordinated with U.S. researchers. 
 
Three basic detector configurations were considered in the preliminary numerical models of 
the 3He detector system:  1) A concentric style of detector system in which the long-axes of 
3He tube detector elements are located in concentric rings about the long axis of the 
cylindrical accelerator target; 2) a “box” arrangement where the long axes of the tubes are 
perpendicular to that of the long axis of the target cylinder.  The tube elements are “fixed” in 
this geometry, in that the tube elements are placed into holes that are machined into the 
polyethylene moderator blocks; 3) a “framework” geometry in which the tube element long 
axes are also at right angle to the target cylinder, but the tubes are sited in recesses within the 
moderator blocks so that this geometry can be modified to accommodate a number of target 
geometries. 
 
Preliminary numerical transport code models were developed during the 1st Quarter using a 
simplified code developed at KRI.  Initial modeling results indicate neutron production 
efficiencies of approximately 13% to 19% in a lead target of 40 cm diameter and 1 meter in 
length that is bombarded with a pulsed 1GeV proton beam.  It is stressed that these 
preliminary results are extremely simplified and represent only a “first cut” at the transport 
code models. 
 
• Numerical models that are to be performed at the Harry Reid Center using MCNPX Code 
were not completed during the 1st Quarter.  However, arrangements to acquire and receive 
training in MCNPX were completed by Dr. Anthony Hechanova, who also acquired the 
funding and arranged for an MCNPX course to be presented by Drs. Laurie Waters and Greg 
McKinney in the first portion of January 2002.  This training will be conducted at UNLV 
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and all AAA researchers and their students involved in this research have been invited. 
 
• Dean Curtis, an undergraduate student at UNLV, was hired during the first quarter and has 
been tasked with assisting with MCNPX model development for both the Russian 3He and 
American neutron glass fiber detector systems.  Mr. Curtis is a computer science major and 
has already been very helpful in arranging for the purchase, configuration, and operation of 
the personal computer systems that will be used for executing transport codes and archiving 
modeling results. 
 
Second Major Line of Research Begun in the 1st Quarter - Neutron Detector Designs/Fabrication 
 
This line of work involves the design and acquisition of the nuclear instrumentation required to 
perform the necessary measurements of neutron multiplicity in accelerator targets. 
 
Glass Fiber Detector System 
 
• A revolutionary type of neutron multiplicity detector system utilizes neutron sensitive 
scintillating glass fibers as detector elements.  This newer, solid-state technology is comprised 
of 6Li glass fibers, which act as both the detector and scintillator waveguide.  These 6Li glass 
fiber detectors can be configured in complex geometries to provide very high-resolution 
positional data for individual neutron captures.  The glass fiber also has very high temporal 
resolutions (<160 nanoseconds) and is capable of detecting more than 500 neutrons per event.  
“Neutron glass fiber” detectors are capable of <100 nanosecond (ns) or faster time resolution 
(including deadtime) and count rates up to 100 kHz.  A 64 ns time resolution may be achieved 
subsequent to the limited electronics re-design proposed in this research.  The ultimate goal for 
developing a neutron glass fiber detector array is to fabricate an array of 160 neutron glass 
fiber detector elements that are capable of 5-degree angular resolution.  This array would 
provide significantly higher countrates per event and very precise position sensitivity. 
 
Six neutron fiber detector elements, packaged in two panels, all electronics, and support 
instrumentation will be donated for use in this graduate student research.  The neutron fiber 
detector panels to be utilized, although less complex (and expensive) than the 5-degree angular 
resolution detector array described above, will provide valuable program data as these new 
detectors are tested.  Detector evaluation under realistic experimental conditions also is needed 
to understand any limitations in applying this technology for performing neutron multiplicity 
measurements.  Therefore, two goals for instrumentation testing are achieved at insignificant 
costs and crucial data are produced for the AAA project. 
 
A diagrammatical representation of one of the glass fiber detector panels is shown in Figure 1 
below. 
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Figure 1. Neutron glass fiber detector panel.  The specific 
panels that will be utilized in the AAA research work 
each contain three 8 cm wide glass fiber ribbons per 
panel. 
 
Two panels will be used in the neutron multiplicity measurements at LANSCE and also at 
BNL.  This system will allow for six coincident channels, all of which have timing 
resolutions of less than 160 ns.  The “throughput” for this system should be orders of 
magnitude greater than for a multi-element 3He based neutron detector systems and the 
neutron glass fiber system should not saturate as 3He detectors do in a high neutron fluence 
environment.  
 
This “loaner” system will not have the spatial resolution that will be required in the actual 
target / blanket monitoring systems, but this should provide proof-of-principal data that is 
invaluable.  The coincidence electronics have now been completed and all that remains to be 
completed prior to testing the neutron glass system is the prompt signal modification (from 
the proton beam trigger) and the gating circuit for activating the counting registers. 
 
Russian 64-Element 3He Tube Neutron Detector System 
 
• The 3He neutron detection system proposed for use in this research was given highest 
priority so the system design could be finalized and fabrication begun as soon as possible.  
Our colleagues at the V. G. Khlopin Radium Institute (KRI), St. Petersburg, Russia (Dr. 
Mikhail N. Chubarov, Mr. Nikolai A. Kudryashev and lead by Dr. Dr. Alexander Rimsky-
Korsakov) are highly experienced in 3He detector system design and fabrication Researchers 
at KRI successfully demonstrated an original system of multi-channel time- and position-
sensitive neutron detector, suitable for experiments to measure neutron generation in massive 
lead targets. 
 
• During the 1st Quarter KRI began general design of 64-channel neutron detection system, 
capable of timing neutron counts for at least 256 microseconds during multiple neutron 
events, with timing resolutions of ~1 microsecond.  Preliminary, generalized designs were 
briefly discussed in the previous section and shall be elaborated upon in the 2nd Quarterly 
Report.  Neutrons will be detected with 3He counters (after moderation in polyethylene). The 
system had to be flexible in that the modular design could accommodate various 
configurations around neutron-generating target.  The target design depends on U. S.  
Laboratory needs and experimentation protocols.  Testing a similar target that can be 
  
 
 46
economically manufactured at KRI (but not necessarily shipped to US Laboratory) has also 
been proposed. The 3He detection system will be designed to be suitable for prolonged 
unobserved non-stop operation and data to be accessible via telecommunication line (e.g. 
computer and modem). This general design was discussed and amended by researchers in the 
AAA program.  This task was performed by the PI and KRI specialists, one of whom will 
visit U.S. Laboratory / Institute(s) to explain the proposed design and to take into account all 
details of future on-site operation. 
 
Instrumentation Options during the Research Project Timeframe 
 
All equipment and facilities that are required to perform the proposed research in the given timeframe are 
available with the exception of the 3He-based detector system, which is discussed above.  The 3He 
system is extremely important to addressing the on-going research projects that has been planned as Add-
ons to this initial project.  However, the instrumentation and facilities that are needed for the initial, first 
year of research are in place or can be modified prior to the academic quarter of this research project 
(December 2001).  Neutron instrumentation that requires modification prior to performing neutron 
multiplicity measurements will be modified and available in January 2002. 
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Scheduling and Timelines 
 
The modified schedule and timelines for this AAA Research and Development Project are 
summarized in Table 1 below. 
 
TABLE 1 
Neutron Multiplicity Measurements of AAA Target / Blanket Materials 
YEAR 1 of 1 - Major Tasks, Milestones, and Estimated Amounts of Time Required for 
Developing Model and Performing Multiplicity Measurements 
Major Tasks or 2001 2002 
Milestones SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG 
Quarterly Briefings / 
Reports • • • 
Develop initial / refine 
LAHET-MCNPX models 
        
Modification of glass 
fiber neutron system 
(Initial portion 
COMPLETED) 
            
Integrate and test n fiber 
detector and electronics 
            
Initial neutron multipli-
city measurements 
(First set DELAYED)  
        
Compare numerical 
models and model 
results with initial 
measurements 
            
Review / modify codes 
(if necessary) 
            
Conduct 2nd set of n multi- 
plicity measurements(?) 
            
Data review / validation 
Preparation of Thesis  
            
Semi-Annual Report 
Final Reports, Prepare 
Graduate Thesis 
     
•     • 
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Task 7.  First Quarter Report 
 
Development of Dose Conversion Coefficients for Radionuclides Produced in 
Spallation Neutron Sources 
 
Quarterly Progress Report 
8/20/01 – 11/20/01 
 
UNLV/AAA University Participation Program 
 
Phillip Patton and Mark Rudin 
Principal Investigators 
 
 
Project Summary 
 
A research consortium comprised of representatives from several universities and national 
laboratories has been established as part of this project to generate internal and external dose 
conversion coefficients for radionuclides produced in spallation neutron sources.  Information 
obtained from this multi-year study will be used to support the siting and licensing of future 
accelerator-driven nuclear initiatives within the U.S. Department of Energy complex, including the 
Spallation Neutron Source (SNS) and Advanced Accelerator Applications (AAA) Projects.  
Determination of these coefficients will also fill data gaps for several hundred radionuclides that 
exist in Federal Guide Report No. 11 and in Publications 68 and 72 of the International Commission 
on Radiological Protection (ICRP). 
 
 
Personnel 
 
Principal Investigators: 
 • Dr. Phillip Patton (Health Physics) 
 • Dr. Mark Rudin (Health Physics) 
Graduate Assistants 
 • John Shanahan (Health Physics) 
 • Yayun Song (Health Physics) 
National Laboratory Contacts 
• Brent Boyack, AAA Project Leader for NEPA/Safety at Los Alamos National 
Laboratory 
 • Tony Andrade, Los Alamos National Laboratory 
University and National Laboratory Participants 
 • Idaho State University 
 • Georgia Institute of Technology 
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 • University of Florida 
 • University of Tennessee 
 • Oak Ridge National Laboratory 
 
Management Issues 
 
Personnel Issues: 
 
As a result of recent world events, the project’s principal investigator, Dr. Phillip Patton, was called 
into active military duty on October 1, 2001. Unfortunately, the terms of his assignment do not allow 
Dr. Patton to readily participate in project activities.  Dr. Patton is not expected to return until March 
2002, at the earliest.  A more realistic estimation of his return would be May/June of 2002. 
Subsequently, Dr. Mark Rudin has been coordinating project activities in his absence. 
 
Two graduate assistants, John Shanahan and Yayun Song, have been assigned to the project.  Both 
are currently first semester students in the M.S. in Health Physics Program.  Mr. Shanahan has 
extensive experience as a nuclear medicine technologist and is relatively well versed in computer 
programming.  Ms. Song was a physician in China prior to coming to the United States in early 
2001.  Both appear to have the necessary skills and desire to make positive contributions to the 
project. 
 
Budget Issues: 
 
Two complete Gateway computer systems have been purchased and installed for use in project 
activities.  It was the intent of the original proposal to secure new computer systems for each of the 
principal investigators and students.  However, due to the unforeseen circumstances involving Dr. 
Patton, additional computers will not be purchased until his return.  A software program (Ultraedit) 
was also purchased to support computer-programming efforts.  Finally, a minimal amount of travel 
funds were used to arrange preliminary meetings among university participants.   All expenditures 
appear to be on target and consistent with the budget set forth in the project proposal. 
 
 
Technical Issues 
 
The following technical work has been performed to date on the DCC project: 
 
Meeting with Georgia Tech Personnel 
 
Prior to the initiation of this project, Dr. Nolan Hertel of Georgia Tech informed the principal 
investigator that one of his graduate students, Omar Whooten, worked with Tony Andrade of Los 
Alamos National Laboratory (LANL) during Summer 2002 developing a methodology to determine 
dose conversion coefficients (DCCs) for short-lived radionuclides produced in spallation neutron 
sources.  The process developed by Mr. Whooten involved putting radiological data of specific 
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radionuclides in a format that could be read by a software package called DCAL developed by Oak 
Ridge National Laboratory (ORNL).  The DCAL program is able to calculate a number of dose 
parameters, including internal DCCs.  Mr. Whooten was able to determine internal DCCs for 3-4 
radionuclides with this methodology.   
 
Project personnel invited Dr. Hertel and Mr. Whooten to Las Vegas, NV in October 2001 to meet 
and discuss their DCC methodology.  Mr. Whooten indicated that their were still several “bugs” in 
his methodology that needed to be resolved before it could be fully utilized in the UNLV DCC 
project.  John Shanahan of UNLV has been working very closely with Mr. Whooten since the 
October meeting to learn the methodology and troubleshoot computer programming glitches that 
currently exist. Mr. Shanahan is scheduled to meet with Mr. Whooten in Atlanta, GA on December 
17th and 18th, 2001 to further develop the internal DCC methodology.   
 
Establishment of DCC Working Group 
 
The original DCC proposal stated that UNLV project personnel were to establish an appropriately 
sized working group to direct project activities, prioritize radionuclides that will be considered in this 
project, develop the methodologies to determine internal and external DCCs, and coordinate 
informational exchange among participants.  Due to their extensive involvement to date, Dr. Hertel 
and Mr. Whooten of Georgia Tech were invited to participate as members of the DCC Working 
Group.  Dr. Richard Brey and Dr. Thomas Gesell of Idaho State University, Dr. Wes Bolch of the 
University of Florida, and Keith Eckerman of ORNL were also invited to participate.  Note that Mr. 
Eckerman played an instrumental role in developing currently existing DCCs found in Federal 
Guidance Report #11 and #12 using the DCAL code. Dr. Brey requested that members of the DCC 
Working Group consider adding Dr. Samson Pagava, a physics faculty member of I. Javakhishvili 
Tbilisi State University as a participant.  Although not formally part of the original proposal, Dr. 
Samson’s participation would greatly add to the expertise of the group and add an international 
flavor, which was always one of the long-term goals of the project. The DCC Working Group is 
scheduled to have its first meeting in Las Vegas, NV on January 8-9, 2002. 
 
 
Presentation of Project at National Meetings 
 
The scope of work of the UNLV/AAA DCC project was presented at the following two national 
meetings: 
 
Shanahan, J., Song, Y., Patton, P., and Rudin, M. Development of Dose Conversion Coefficients for 
Radionuclides Produced in Spallation Neutron Sources, 47th Annual Bioassay, Analytical, and 
Environmental Radiochemistry Conference, Las Vegas, NV, November 5-8, 2001. 
 
Shanahan, J., Song, Y., Patton, P., and Rudin, M. Development of Dose Conversion Coefficients for 
Radionuclides Produced in Spallation Neutron Sources, American Nuclear Society Winter Meeting, 
Student Mini-Conference, Reno, NV November 10-12, 2001.  
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Task 8.  First Quarter Report 
 
Development of a Systems Engineering Model of the Chemical Separations 
Process 
 
Quarterly Progress Report 
8/16/01- 11/15/01 
 
UNLV-AAA University Participation Program 
 
Principal Investigator: Yitung Chen 
Co-Principal Investigators: Randy Clarksean and Darrell Pepper 
 
Purpose and Problem Statement 
 
The AAA program is developing technology for the transmutation of nuclear waste to address many 
of the long-term disposal issues.  An integral part of this program is the proposed chemical 
separations scheme.  The following figure shows a block diagram of the current process as 
envisioned by Argonne National Laboratory (ANL) researchers. 
 
 
Chop-Leach
LWR Fuel
Assemblies
Separate U from
TRU and FP
(UREX process)
Prepare U for
Disposal or
Storage
Spent LWR
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Two activities are proposed in this Phase I task: the development of a systems engineering model 
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and the refinement of the Argonne code AMUSE (Argonne Model for Universal Solvent Extraction). 
The detailed systems engineering model is the start of an integrated approach to the analysis of the 
materials separations associated with the AAA Program.  A second portion of the project is to 
streamline and improve an integral part of the overall systems model, which is the software package 
AMUSE. AMUSE analyzes the UREX process and other related solvent extraction processes and 
defines many of the process streams that are integral to the systems engineering model.  
 
Combining these two tasks is important in ensuring that calculations made in AMUSE are accurately 
transferred to the overall systems model.  Additional modules will be developed to model 
pyrochemical process operations not treated by AMUSE.  These modules will be refined as 
experiments are conducted and as more knowledge is gained in process steps. 
 
Integrating all aspects of the proposed separations processes will allow for detailed process analyses, 
trade-off studies or the evaluation of proposed process steps, complete material balances that include 
all potential waste streams, the impact of changes in feed streams, studies detailing the importance of 
process control and instrumentation, and the ultimate optimization of the process. 
 
 
Personnel 
 
Principle Investigator: 
• Dr. Yitung Chen (Mechanical Engineering) 
 
Co-Principle Investigators: 
• Dr. Randy Clarksean (Mechanical Engineering) 
• Dr. Darrell Pepper (Mechanical Engineering) 
 
Students: 
• Mr. Lijian (Rex) Sun, M.S. Graduate Student, (Mechanical Engineering) 
• Mr. Sridhar Munaga, M.S. Graduate Student, (Computer Science) 
Notes:  
1. Mr. Sridhar Munaga will be leaving the project at the end of November of 2001.   
2. Mr. Qingguang Lu or Ms. Jianhong Li, M.S. Graduate Student of Computer Science, will 
replace Mr. Munaga to continue working on the interface design associated with AMUSE 
code development 
 
National Laboratory Collaborators: 
• Dr. James Laidler, Senior Scientist, Chemical Technology Division, ANL-East 
• Dr. George Vandergrift, Senior Scientist, Chemical Technology Division, ANL-East 
• Ms. Jacqueline Copple, Information Systems Group, ANL-East 
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Management Progress 
 
Budget Issues: 
• Annual user license of commercial system engineering software iSightTM will be purchased. 
The academic price is currently under negotiation. 
• One computer system has been ordered and other one will be ordered for one undergraduate 
student. 
• Salary expenditures need to be adjusted because the secretary of the Mechanical Engineering 
Department has not revised the correct student’s name according to the proper account 
number 
 
 
Management Problems 
 
The first year budget of the phase I research task is from 08/20/01 to 05/20/02. The academic fiscal 
budget year is from the first day of July of the current year to the end of June in the next year. So 
Students and faculty can’t have their contracts from 05/21/02 to 6/30/02.  The other three months 
research funding from 05/21/02 to 8/19/02 need to be allocated as soon as possible. 
 
One high-end personal computer has been ordered since the fall semester began, but at this moment 
we haven’t received the computer yet.  This serious delay has caused a lot of research problem for 
us.  We have to find a temporary old personal computer (i.e. Pentium II 300 MHz, 32 MB RAM) to 
let student to do the research work.  And the student has been complaining about its performance and 
not enough memory. 
 
We are looking for one undergraduate student to work with us on this project.  Many undergraduates 
already had their part-time jobs in or out of UNLV campus.  Some of them will be available from the 
spring semester 2002.  We will keep contacting with qualified student and recruit him/her in the 
beginning of spring semester 2002.   
 
 
Technical Progress 
 
The project kick-off meeting was held on September 26, 2001 and the AMUSE code training was 
held on October 9, 2001.  The AMUSE-models for TRUEX, SREX, UREX and PUREX solvent 
extraction have been discussed during the kick-off meeting and AMUSE code training. The interface 
of AMUSE has been designed using Visual Basic software.  The draft of the interface is shown in 
Figure 1.  The drag-and drop techniques were employed on the interface designing. 
 
A number of different software products are being evaluated for use in the systems engineering 
modeling project.  These products include iSight, MATLAB, LBNL SPARK (systems tool), 
ASPEN process modeling tool, Easy 5 (Boeing), Visual Basic/Visual C/C++ and others. 
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The criteria for selecting one of these products included the 
 
• Ability to interact with a wide range of existing simulation tools written in a number of 
different languages and forms (Fortran, C/C++, Visual Basic, Excel Spreadsheets, etc.). 
• Ability for the user to seek out and determine all input values and assumptions for each 
simulation package. 
• Potential for integration over a disperse network system. 
• Need for a “drag-and-drop” approach to adding additional components to the process. 
• Simple process to transfer data between components. 
• Ability to optimize individual processes or the complete system 
 
  
Figure 1. UREX demonstration flowsheet for glovebox operations and uranium strip section. 
 
At present, the most likely candidate software product is iSight.  The evaluations continue and will 
conclude by mid-December.  A WebX conference for iSight will be held from 9-10:30 a.m. on 
December 14.  
 
Once the software product has been selected, a student will be trained on the product and the 
complete process will be defined within the software environment over the next several months.   
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Attendance at the ANL Transmuter Fuel Development Workshop made it clear that the product must 
have the ability to analyze a wide range of processes quickly and easily. In addition, it is clear that 
developing a systems engineering model of the complete process will be very valuable in assessing 
many of the proposed concepts. 
 
AMUSE code is currently being studied and analyzed.  The input and output parameters are 
carefully being tracking and marking.  The capability of graphs and tables output and displaying is 
currently under designing.  The system engineering model will be coupled with the graphical 
interface, AMUSE code, MATLAB, and iSight. 
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Task 9.  First Quarter Report 
 
Design and Evaluation of Processes for Fuel Fabrication 
 
 
QUARTERLY PROGRESS REPORT #1 
 
 
UNLV AAA University Participation Program 
 
 
Prepared by:    Georg F. Mauer 
         Department of Mechanical Engineering 
         UNLV, Las Vegas, NV 89154-4027 
        Phone: (702) 895-3830 
        FAX  : (702) 895-3936 
 
 
Reporting Period:  September 1 through November 30, 2001 
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Summary 
 
The first three months of the project covered the following: 
• Literature review: A comprehensive study of the pertinent publications pertaining to 
transmuter fuels composition and manufacturing processes was conducted. 
• Visit at ANL West in Idaho Falls, ID: Dr. Mauer visited the ANL West facility and met with 
his National Laboratory Collaborator, Dr. Mitchell K. Meyer, Group Leader, Fabrication 
Development on October 14 and 15, 2001. 
• Student Paper Presentation at the ANS Annual Meeting by Ph.D. student Mr. Jae-Kyu Lee. 
Title: Transmuter Fuel Fabrication Processes. 
 
 
Survey of Existing Fabrication Processes 
 
 
Nuclear waste reduction: Spent fuel quantities estimated at 86,000 metric tons must be safely 
stored for 10,000 years. Only about 1,000 tons are actinides and long-lived fission products. 
Transmutation: Reduce the long-term toxicity of long-lived fission products (mostly Pu and 
actinides such as Am, Cm, Tc, I). Fig. 1 illustrates the scope of the problem (quoted from J. Breese, 
DOE, 1999). 
 
Figure 4 Spent Fuel Processing Needs 
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Fuel fabrication processes are either based on metal casting (metallic fuels) or powder processing, 
leading to ceramic or dispersion fuels. R&D on fuel reprocessing and manufacturing has been 
ongoing for years in the US and other countries. With regard to fuel manufacturing, we may 
distinguish among three categories: 
• Dispersion Fuels (several subtypes exist) 
• Ceramic Fuels (several subtypes exist)  
• Metallic Fuels 
 
R&D on fuel reprocessing and manufacturing has been ongoing for years in the US and other 
countries.  
 
 
Manufacturing Sequence for Dispersion Fuel: 
1. Manufacture spherical fuel particles by wet 
chemical process or direct reaction and 
attrition. 
2. Coat the particles (process not yet 
determined) 
3. Embed fuel particles in matrix metal 
4. Press fuel and matrix blend into a compact  
5. Assemble billet 
6. Extrude billet at ~800°C into rods about 2 
m long. 
7. Finish fuel rods by trimming ends. Rod 
Inspection (radiography, dimensional, 
bonding, and clad defects) 
  
 
Figure 2 Dispersion Fuel Element 
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Manufacturing Sequence for Metallic Fuel:  
1. Cast fuel slugs. Pins are 4 to 5mm dia. and 0.8 m to 1.5 m long. 
2. Insert fuel slugs into cladding tube 
3. Add bond phase (Na) in cladding tube 
4. Seal cladding tube by welding end fitting onto the tube  
5. Inspect fuel pin (radiography, dimensional, and clad defects) 
 
 
 
Manufacturing Sequence for Ceramic Fuel:  
1. Manufacture particles by wet chemical process or direct reaction (1 to 30 um dia.)  
2. Compaction of particles into pellet form.  
3. Sinter the pellets at 1400°-1800°C  
4. Inspect pellets  
5. Assemble pellets into cladding tube  
6. Add bonding material (He or Na)  
7. Seal cladding tube by welding  
8. Inspect assembled fuel pin (radiography, 
dimensional and clad defects) 
 
 
Raw material for powder processing (oxide or nitride 
fuels) will most likely result from aqueous 
processing. Fig. 3 shows schematically a process 
developed by Siemens. 
 
 
Other Considerations 
 
• Hot cell required 
• Criticality concerns mandate small batch sizes 
• Large fuel quantities require process automation 
• Equipment for hot cell operation must be identified 
or developed. 
• Material flow and operational sequence 
• Long-term reliability must be ensured 
• Design must prove he ability to cope with a wide range of contingencies (e.g. equipment failures, 
spillage, breakage) 
 
 
Figure 3 MOX Fabrication Process 
(Siemens)
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Generic issues common to all fuel types: 
• Dimensional Inspection, intermediate and final 
• Heating or melting 
• Assembly: e.g. place pins or pellets into cladding tube 
 
Issues common to dispersion and ceramic fuels: 
• Manufacture uniform particles 
• Compact particles into some aggregate form (e.g. pellets) 
 
Other needs: 
• Welding 
• Sintering 
• Injecting He or Na into cladding tube 
 
 
Conclusion 
 
During the first three months, project needs and issues were defined.  The direction of the research 
was defined in discussions with AAA personnel in Las Vegas and with Dr. Mitchell K. Meyer, 
Group Leader for Fabrication Development at Argonne National Lab West. An assessment of the 
required technologies and equipment was performed. 
 
 
Management Issues:  Expenditures were mostly as planned in the proposal.  Ph. D. student Jae-Kyu 
Lee was funded throughout the reporting period.  In relation to the number of ongoing projects, the 
number of undergraduate seniors in mechanical engineering is limited.  Undergraduate student 
employment could not be carried out as planned. 
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Task 10.  First Quarter Report 
 
MEMORANDUM 
 
To: Drs. Anthony Hechanova and Gary Cerefice, HRC 
From: Drs. Ajit Roy and Brendan O’Toole, MEG 
Date: November 26, 2001 
 
Subject: AAA Task-10 Quarterly (9/1 – 11/30, 2001) Report 
 
Introduction 
 
The objective of this task is to evaluate the elevated temperature tensile properties of Alloy EP-823, 
a leading target material for accelerator-driven waste transmutation applications.  The test material 
will be thermally treated prior to evaluation of its tensile properties at temperatures relevant to the 
transmutation applications.  The deformation characteristics of tensile specimens, upon completion 
of testing, will be evaluated by surface analytical techniques including scanning electron microscopy 
(SEM) and transmission electron microscopy (TEM).  The overall results are expected to provide a 
mechanistic understanding of high-temperature deformation behavior of Alloy EP-823 as a function 
of heat treatment. 
 
Personnel 
 
The current project participants are listed below. 
 
Principal Investigators: Dr. Ajit K. Roy 
 Dr. Brendan J. O’Toole 
 Department of Mechanical Engineering, UNLV 
 Roy:  Phone: (702) 895-1463 email: aroy@unlv.edu 
 O’Toole: Phone: (702) 895-3885 email: bj@me.unlv.edu 
 
Investigators (UNLV): Mr. Martin Lewis (M.S. Student) 
 Mr. John Motaka (Undergraduate Student) 
 Department of Mechanical Engineering, UNLV 
 Lewis:  Phone: (702) 339-3990  email: Martin_Lewis@ymp.gov 
 Motaka:  Phone: (702) 205-4203  email: primo_w@yahoo.com 
  
Collaborator (DOE): Dr. Stuart A. Maloy, Los Alamos National Laboratory, New Mexico 
 Phone:  (505) 667-9784 email: Maloy@lanl.gov 
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Highlights of Accomplishment  
 
• Mr. Martin Lewis has joined the Department of Mechanical Engineering (MEG) as a graduate 
student (M.S.) pursuing his M.S. thesis in the subject research topic.  In addition, Mr. John 
Motaka, an undergraduate MEG student, is also assisting in experimental work. 
 
• An expenditure request form has been prepared and submitted to procure a high-temperature and 
inert gas chamber with extension rod assembly and system software to perform high-temperature 
mechanical testing of Alloy EP-823 using an existing MTS machine in the Engineering Building. 
 The approximate cost of this chamber assembly is $47,000. 
 
•  Three experimental heats of Alloy EP-823 have been melted.  These ingots are currently being 
processed by hot working to convert them into bars at the vendor’s facility, and will 
subsequently be shipped to UNLV for thermal treatments and specimen machining. 
 
Problems 
 
The future location of the MTS equipment is yet to be established.  Assuming that it stays in its 
current location in B#150, no problems are anticipated. 
 
Status of Funds 
 
Expenditures incurred during this quarter are within the target amount allocated. 
 
Plans for Next Quarter 
 
• Prepare test matrices. 
• Heat treat test materials, machine and prepare test specimens. 
• Initiate mechanical testing using MTS with new chamber. 
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Task 11.  First Quarter Report 
 
Quarterly Report 
AAA UNLV University Participation Program 
 
Title: 
Nuclear Criticality Analyses of Separations Processes 
for the Transmutation Fuel Cycle 
2362-254-504L 
 
Principal Investigators: William Culbreth, Ph.D. 
Department of Mechanical Engineering 
University of Nevada, Las Vegas 
4505 Maryland Parkway, Las Vegas, NV  89154-4027 
(702) 895-3426, culbreti@clark.nscee.edu 
FAX:  (702) 895-3936, http://culbreth.me.unlv.edu 
 
Tao Pang, Ph.D. 
Department of Physics, 4002 
University of Nevada, Las Vegas 
(702) 895-4454, FAX:  (702) 895-0804, pang@nevada.edu 
 
Collaborators:  George Vandegrift, Ph.D. 
Senior Chemist, Group Leader 
Separation Science and Technology 
Chemical Technology Division 
Argonne National Laboratory 
(630) 252-4513, FAX:  (630) 972-4513, Vandergrift@cmt.anl.gov 
 
James Laidler, Ph.D. 
Director, Chemical Technology Division 
Argonne National Laboratory 
(630) 252-4479, FAX:  (630) 252-5528, Laidler@cmt.anl.gov 
 
Denis Beller, Ph.D. 
UNLV/ATW University Liaison 
Harry Reid Center for Environmental Studies 
4505 Maryland Parkway, Las Vegas, NV  89154-4009 
(702) 895-2023, beller@lanl.gov, FAX:  (702) 895-3094 
 
Date:    December 23, 2001 
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1.  Project Description 
 
The success of the ATW program will rely upon the ability of radiochemists to separate spent 
nuclear fuel into uranium, fission products, and transuranic wastes.  The Chemical Technology 
Division at the Argonne National Laboratory is actively involved in the development of 
pyrochemical separation technology that minimizes the usage of strong acids with the subsequent 
problems involved in disposing of the acidic residue.   
 
Small-scale experiments are being validated at ANL to separate spent fuel, but they must be scaled 
up to accommodate the large amount of commercial spent fuel that must be treated.  As the volume 
of waste to be treated is increased, there is a higher probability that fissionable isotopes of 
plutonium, americium, and curium can accumulate and form a critical mass.  Criticality events can 
be avoided by ensuring that the effective neutron multiplication factor, keff, remains below a safe 
level.  NRC regulations normally allow an upper value of 0.95 for keff.  This parameter can be 
computed for any combination of fuel and geometry using Monte Carlo neutron transport codes.  
SCALE 4.4a from the Oak Ridge National Laboratory and MCNP4C2 from the Los Alamos 
National Laboratory are two codes that are regularly used to assess criticality. 
 
In this project, students at the University of Nevada were trained in the use of KENO and SCALE 
4.4a to assist Dr. Laidler and his team at ANL in criticality safety assessments. 
 
2.  Review of Tasks 
 
     The proposed tasks for this project are listed in the timetable shown below: 
 
9/01 10/01 11/01 12/01 1/02 2/02 3/02 4/02 5/02 6/02 7/02 8/02
Train Students in use of Monte Carlo Codes
Student and Faculty Visits to ANL/CMT
Simulation of Criticality for ANL Designs
Integrate Criticality Codes into Excel Model
Task
 
 
 
 
  
 
During the first quarter of the work, the tasks included training students in the use of Monte Carlo 
codes used in radiation transport studies and the assessment of neutron multiplication factors for 
specific problems outlined by ANL-East through Drs. Laidler and Vandegrift. 
 
The proposal also included objectives for the first year of work on this project, as listed below.  The 
work conducted in the first quarter of the project was in partial completion of these objectives. 
 
This Quarterly Report 
covers progress to this 
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• Train UNLV students in the use of SCALE and/or MCNP for the assessment of nuclear 
criticality. 
 
• Assess neutron multiplication factor, keff, for geometries and material concentrations as defined 
by the collaborating team from ANL-CMT for the ATW project. 
 
• Provide software, extrapolation tables, or other methods to incorporate criticality estimates into 
the existing ANL Excel model of the pyrochemical treatment process to be used for ATW.  
 
 
3.  Progress in the First Quarter 
 
Student Training 
 
The students presented their progress in oral and poster presentations at the 2001 Winter Annual 
Conference of the American Nuclear Society in Reno, Nevada.  Students were trained by Dr. 
Culbreth in the use of KENO and SCALE 4.4a.  The students employed on the project included: 
 
• Jason Viggato – doctoral student in mechanical engineering. 
• Elizabeth Bakker – senior in mechanical engineering. 
• Daniel Lowe – sophomore in mechanical engineering 
• Maurice Moore – part-time masters student in mechanical engineering. 
 
All of the students also assisted on another AAA project involving radiation transport calculations 
for neutron spallation target studies at LANSCE.  During the first quarter of both projects, students 
were taught to use KENO in preparation for their work in radiation transport and criticality. 
 
American Nuclear Society Conference 
 
Mr. Viggato, Mr. Lowe, Ms. Bakker, and Dr. Culbreth attended the American Nuclear Society 
Conference in November 2001 held in Reno, Nevada.  Each student presented a paper on their work 
on the AAA project.  Their work was also presented in poster form.  Each student’s paper discussed 
both this project and their initial work on the AAA Radiation Transport project.    
 
In September 2001, Dr. Culbreth was invited to give a departmental seminar on the AAA project.   
 
Computational Resources 
 
The students working on the project have been trained in the use of SCALE 4.4a, a Monte Carlo 
simulation code that simulates the scattering and absorption of neutrons in nuclear fuel.  Students 
began their training with simple problems using KENO IV and are now involved in preparing 
CSPAN input files.  Danny Lowe and Elizabeth Bakker are also involved in writing BASIC 
programs that automate the process of preparing CSAS and KENO-VI  input. 
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Several computers have been ordered to allow the students to complete their calculations.  Two 1.8 
GHz Gateway computers with 512 MB of memory have been ordered.  The students are using 
computers in Dr. Culbreth’s office until the additional computers arrive. 
 
• Visits to Laboratory Sites 
 
The students met Dr. Laidler at the American Nuclear Society meeting in late November.  In mid-
December, W. Culbreth, D. Lowe, and E. Bakker traveled to Chicago to meeting with Dr. Laidler’s 
staff at the Argonne National Laboratory.  The visit helped us understand the geometry of the 
equipment used in fuel separation along with the possible scenarios that can lead to possible 
criticality events.  The complexity of working with radioactive and fissionable substances through 
gloveboxes also helped in our understanding of the process. 
 
• Simulation of Criticality for ANL Designs 
 
Criticality assessments were completed using SCALE 4.4a based on mixtures of process salts, 
fission products, and actinides as specified by Drs. Laidler and Vandergrift.  The mixture is to be 
placed in a cylindrical steel container and excessive quantities of transuranic wastes in the mixture 
can lead to criticality safety problems.  The results of the criticality assessments were submitted as a 
report to Argonne titled:  “Assessment of Criticality Safety for Cylindrical Containers to be Used In 
the Processing of Spent Fuel.”   
 
• Integrate Criticality Codes into Excel Model 
 
The results included an Excel program that could be used to predict the value of k-effective for a 
shielded cylinder containing a combination of process salts, actinides, and fission products.  The 
composition of material, as well as the geometry of the cylinder, can be changed in the spreadsheet 
and an assessment of the criticality safety is completed by the Excel program.  The program 
incorporates the uncertainty reported from SCALE 4.4a to determine whether k-effective < 0.95 for 
any combination of fuel and geometry. 
 
4.  Work Scheduled for Second Quarter 
 
During the second quarter of the project, the students will travel to the Argonne National Laboratory 
to meet with Dr. Laidler and his staff.  There are two criticality problems that we are preparing to 
analyze. 
 
The first problem involves an assessment of the maximum mass of transuranic material that can be 
safely accumulated in a pyrochemical cell as shown in figure 1.  Spent fuel, as shown in the figure, is 
dissolved in process salt at a high temperature.  The uranium has been depleted by fission and will 
remain subcritical.  Concentrations of plutonium, americium, and curium in the transuranic wastes 
collecting about the second electrode can form a critical mass.  We plan to use SCALE 4.4a to assess 
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the safety of the pyrochemical cell as transuranics are accumulated. 
 
A second problem to be analyzed involves criticality in separated quantities of curium.  Curium is a 
fissionable actinide and its separation from other transuranic wastes simplifies further treatment of 
spent fuel.  We plan to conduct SCALE 4.4a analyses of curium to assess what quantities will result 
in a critical mass. 
 
 
 
 
 
 
 
Uranium
Tantalum
Electrode
Cadmium Pool
Transuranic
Products
Process Salt Including
U, TRU, Fission Products
 
Figure 1  Example of a Pyrochemical Cell Used to Separate Transuranics 
from Uranium and Fission Products 
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Task 12.  First Quarter Report 
 
Quarterly Report 
 
AAA UNLV University Participation Program 
 
Title: 
Radiation Transport Modeling of Beam-Target 
Experiments for the AAA Project 
 
2362-254-504M 
 
Principal Investigators: William Culbreth, Ph.D. 
Department of Mechanical Engineering 
University of Nevada, Las Vegas 
4505 Maryland Parkway, Las Vegas, NV  89154-4027 
(702) 895-3426, culbreti@clark.nscee.edu 
FAX:  (702) 895-3936 
http://culbreth.me.unlv.edu 
 
Collaborators:  Raymond Klann, Ph.D. 
Argonne National Laboratory 
9700 South Cass Avenue 
Building 362, Room B-113 
Argonne, IL 
(630) 252-4305 
FAX:  (630) 252-5287 
klann@anl.gov 
 
Denis Beller, Ph.D. 
UNLV/ATW University Liaison 
Harry Reid Center for Environmental Studies 
4505 Maryland Parkway, Las Vegas, NV  89154-4009 
(702) 895-2023,  
beller@lanl.gov 
FAX:  (702) 895-3094 
 
 
Date:    December 23, 2001 
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1.  Project Description 
 
The national development of technology to transmute nuclear waste depends upon the generation of 
high energy neutrons produced by proton spallation.  Proton accelerators, such as LANSCE at the 
Los Alamos National Laboratory, are capable of producing 800 MeV protons.  By bombarding a 
lead/bismuth target, each proton may generate 500 or more neutrons that can activate fission 
products or induce the fission of transuranic isotopes. 
 
The Monte Carlo radiation transport code MCNPX developed at LANL is an important tool in the 
design of transmuter technology.  It must be validated, however, for the neutron energy that will be 
employed.  Experiments are being conducted at LANSCE to test the ability of MCNPX to accurately 
predict neutron production and leakage rates from lead/bismuth targets.  Students at UNLV are being 
educated in the use of MCNPX to analyze the results of these tests and to use the software to in the 
development of future experimental studies. 
 
 
2.  Review of Tasks 
 
The development of new systems for the transmutation of nuclear waste will depend upon 
computational tools that can provide an accurate assessment of the system performance.  MCNPX, a 
Monte Carlo neutron transport code, will be used by UNLV students to support AAA experimental 
work at LANSCE.  The tasks listed in the proposal are outline in the table below.  The work 
conducted in the first quarter is highlighted in this report. 
 
 
 
 
 
 
 
Task 9/01 10/01 11/01 12/01 1/02 2/02 3/02 4/02 \5/02 6/02 7/02 8/02
Neutron Leakage Experiments
     MCNPX Training
     LANL/LANSCE Visits and Work
     Postanalysis of neutron data
Sodium Activation Experiments
     MCNPX Training
     MCNPX (and other codes) modeling
     LANL/LANSCE Visit
     Analysis of Data  
Actinide Fission Measurements
Neutron Multiplicity Measurements
     MCNPX Simulations
     LANSCE Site Visit
Year 1
The first quarter report covers work 
completed to mid December. 
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Tasks 
 
• Acquire MCNPX for use on student workstations and provide for the adequate training of the 
student researchers. 
 
• Work with Drs. Beller, Klann, Pitcher, and Wender along with other researchers at LANL and 
ANL to model the integral experiment at LANSCE. 
 
• Conduct MCNPX simulations of the preliminary design of an integral experiment to estimate the 
neutron leakage from lead/bismuth targets of varying radii.  Provide similar computational 
support for proton activation experiments in sodium coolant. 
  
 
3.  Progress in the First Quarter 
 
Student Training 
 
The initial phase of the project involved hiring students to work on the project and providing them 
with the tools to assist in the MCNPX simulations.  Computers were ordered for the students and 
software was installed to conduct the studies. 
 
Several students have been employed on the project.  During the first quarter of this project, the 
students were trained in the use of software that will be employed on both this project and a second 
AAA project titled:  “Nuclear Criticality Analyses of Separations Processes for the Transmutation 
Fuel Cycle.”  During the second quarter, they will be assigned individually to each project.  The 
students include: 
 
• Jason Viggato - doctoral student in mechanical engineering. 
• Daniel Lowe – sophomore in mechanical engineering. 
• Elizabeth Bakker – senior in mechanical engineering. 
• Maurice Moore – masters student in mechanical engineering.  Mr. Moore is an officer at 
Nellis AFB and is not receiving financial support from this project. 
• Suresh Sadenini – masters student in mechanical engineering.  Mr. Sadenini is on a teaching 
assistantship this semester and is not receiving financial support from this project.  He is 
working on his M.S. project in neutron spallation. 
 
Acquisition of MCNPX 
 
With the assistance of Dr. Beller, we have been added to the MCNPX beta test team.  This has 
allowed us access to the most recent version of MCNPX.  Two new workstations were acquired for 
student use on the project.  Both machines have 500 MB of RAM and 1.8 GHz processors. 
 
The beta versions of MCNPX are available for computers employing the UNIX and Linux operating 
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systems.  An additional 800 MHz machine with 384 MB of RAM and a 30 GB hard disk has been 
installed with Redhat Linux version 7.2.  The most recent version of MCNPX was installed on this 
multiuser machine and accounts are being added for student access.  This computer is connected to 
the internet and Redhat’s security prevents unauthorized usage of the system. 
 
Dr. Laurie Waters at LANL is scheduled to offer an MCNPX course at UNLV in January 2002.  The 
students employed on this project will be signed up for the course. 
 
Visits to Laboratory Sites 
 
• ANL 
 
Mr. Viggato, Mr. Lowe, Ms. Bakker, and Dr. Culbreth visited the Argonne National Laboratory to 
discuss research with Dr. Klann in December.  The neutron spallation tests conducted at LANSCE in 
early December were discussed.   
 
• IAC 
 
Mr. Sadenini was not funded from the project during the first semester, but he is pursuing a thesis on 
radiation transport simulations for neutron spallation.  In mid-December, he and Dr. Culbreth visited 
Dr. Frank Harmon at the Idaho Accelerator Center to discuss a test that they will be conducting 
during the summer of 2002.  Dr. Harmon and his staff will use an electron accelerator to bombard a 
lead target.  Neutrons produced by spallation will be measured and compared with MCNPX runs to 
verify that the code accurately predicts neutron leakage rates from the target. 
 
Dr. Harmon has invited Mr. Sadenini to work at IAC during the summer to help with the experiment, 
to provide MCNPX simulations, and to analyze data.  Mr. Sadenini will be supported by the IAC 
during the summer.  This work at IAC nicely complements the work that we are doing on the 
LANSCE experiments. 
 
American Nuclear Society Conference 
 
Mr. Viggato, Mr. Lowe, Ms. Bakker, and Dr. Culbreth  attended the American Nuclear Society 
Conference in November 2001 held in Reno, Nevada.  Each student presented a paper on their work 
on the AAA project.  Their work was also presented in poster form.  Each student’s paper discussed 
both this project and their initial work on the criticality project.  Ms. Bakker’s paper discussed the 
work in progress on radiation transport modeling.   
 
 
4.  Work Scheduled for Second Quarter 
 
During the second quarter, students will receive training on the use of MCNPX by Dr. Laurie Waters 
and her staff from LANL.  This week-long course will be taught at UNLV.  The students visited the 
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Argonne National Laboratory to meet with Dr. Klann in early December and Suresh Sadenini is 
schedule to visit with Dr. Frank Harmon at the Idaho Accelerator Center over the winter break.  
Based on the preliminary report on the results obtained from the neutron spallation target tests 
conducted at LANSCE in early December, MCNPX runs will be made to validate the ability of the 
software to replicate the measure neutron flux measured at various sensors around the target. 
 
 
 
